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PREFACE. 



The views contained in the following Essay were 
first advanced in a lecture delivered at the 
London Institution in January 1842, and sub* 
sequently more fully developed in a course of 
Lectures on the subject in 1843 : notices of these 
were printed at the time. At the request of the 
proprietors of the Institution, I subsequently 
prepared an abstract of those lectures, which was 
printed by the managers for distribution to the 
proprietors. Having been asked by many where 
copies of the work were to be procured, I pub-, 
lished a separate edition; a second edition was 
afterwards called for. 

In preparing a Third Edition, I have been 
somewhat tranmielled by the original form of 
the Essay, which was a record of lectures ad* 
dressed mainly to those who heard them delivered. 
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I found, however, that without destroying the 
identity of the work, I could not alter the style ; 
and, though it would have been less difficult and 
more satisfSsu^ry to me to have done so, the 
work would not then have been a republication ; 
and I was for obvious reasons anxious to pre- 
serve as far as I could the original text, which, 
though added to, is but little altered. 

The form of lectures has necessarily continued 
the use of the first person, and I would beg my 
readers not to attribute to me, firom the modes 
of expression used, a dogmatism which is £etr 
from my thought. If my opinions are expressed 
broadly, it is that, if opinions are always hedged 
in by qualifications the style becomes embarrassed 
and the meaning frequently unintelligible. 

As a course of lectures can only be useful by 
inducing the auditor to consult works on the 
subject he hears treated, so the object of this 
Essay is more to induce a particular train of 
thought on the known facts of physical science 
than to enter with minute criticism into each 
separate branch. 

In one or two of the reviews of the previous 
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editions the general idea of the work was ob- 
jected to. I believe, however, that will not now 
be the case; the mathematical labours of Mr. 
Thompson, Clausios, and others, though not 
suitable for insertion in an essay such as this, 
have awakened an interest for many portions of 
the subject, which promises much for its future 
progress. 

The short and irregular intervals which my 
profession permits me to devote to science so 
prevent the continuity of attention necessary for 
the proper evolution of a train of thought, that I 
certainly should not now have courage to publish 
for the first time such an essay; and it is only 
the favour it has received from those whose 
opinions I highly value and the, I trust par- 
donable, wish not to let some favourite thoughts 
of my youth lose all connection with my name, 
that have induced me to reprint it. 

My scientific readers will, I hope, excuse the 
very short notices of certain branches of science 
which are introduced, as without them the work 
would be unintelligible to many for whom it is 
intended. I have aimed at giving an elementary 
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view of the general phenomena of inorganic 
physics, regarded as mutually and necessarily 
related, and as affections of ordinary matter rather 
than specific entities. 

The notes contain references to the original 
memoirs in which the branches of science alluded 
to are to be found, as well as to those which bear 
on the main arguments; where these memoirs 
are numerous, or not easy of access, I have re- 
ferred to treatises in which they are collated. To 
prevent the reader's attention being interrupted, 
I have in the notes referred to the pages of the. 
text, instead of to interpolated letters. 
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PHYSICAL FORCES. 



When natural phenomena are for the first time 
observed, a tendency immediately developes itself 
to refer them to something previously known, — 
to bring them within the range of acknowledged 
sequences. The mode of regarding new facts, 
which is most favourably received by the public, 
is that which refers them to recognised views, — 
stamps them into the mould in which the mind 
has been already shaped. The new fact may be 
far removed from those to which it is referred, 
and may belong to a different order of analogies, 
but this cannot then be known, as its co-ordinates 
are wanting. It may be questionable whether the 
mind is not so moulded by past events that it is 
impossible to advance an entirely new view, but, 
admitting such possibility, the new view, neces- 

B % 



rx 



J^ 



2 COBRELATION OF PHTSICAL FORCES. 

sarily foiinded on insufficient data, is likely to be 
more incorrect and prejudicial than even a strained 
attempt to reconcile the new discovery with known 
facts. 

The theory consequent upon new facts, whether 
it be a co-ordination of them with known ones, or 
the more difficult and dangerous attempt at re- 
modelling the public ideas, is generally enunciated 
by the discoverers themselves of the facts, or by 
those to whose authority the world at that period 
defers; others are not bold enough, or if they 
be so, are unheeded. The earliest theories thus 
enunciated obtain the firmest hold upon the public 
nund, for at such a time there is no power of test- 
ing, by a sufficient range of experience, the truth 
of the theory ; it is accepted solely or mainly upon 
authority : there being no means of contradiction, 
its reception is, in the first instance, attended with 
some degree of doubt, but as the time in which it 
can fairly be investigated far exceeds that of any . 
lives then in being, and as neither the individual 
nor the public mind will long'tolerate a state of 
abeyance, a theory shortly becomes, for want of 
a better, admitted as an established truth : it is 
handed from father to son, and gradually takes its 
place in education. Succeeding generations, whose 
minds are thus formed to an established view, are 
much less likely to abandon it. They have adopted 
it in the first instance^ upon authority, to them 
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unquestionable, and subsequently to yield up their 
faith would involve a laborious remodelling o£ 
ideas, a task which the public as a body will and 
can rarely undertake, the frequent occurrence of 
which is indeed inconsistent with the very exist- 
ence of man in a social state, as it would induce 
an anarchy of thought — a perpetuity of mental 
revolutions. 

This necessity has its good ; but the evil with 
regard to the point we are considering is, that by 
this means, theories the most immature frequently* 
become the most permanent ; for no theory can be 
more inmiature, none is likely to be so incorrect, as 
that which is formed at the first flush of a new 
discovery ; and though time exalts the authority of 
those from whom it emanated, time can never give 
to the illustrious dead the means of analysing and 
correcting erroneous views which subsequent dis* 
coveries confer. 

Take for instance the Ptolemidc System, which 
we may almost literally explain by the expression 
of Shakspeare : ^^ He that is giddy thinks the world 
turns round." We now see the error of this sys- 
tem, because we have all an immediate opportunity 
of i-efuting it ; but this identical error was received 
as a truth for centuries, because, when first pro- 
mulgated, the means of refuting it were not at 
hand, and when the means of its refutation became 
attainable, mankind had been so educated to the 
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supposed truth, that they rejected the proof of its 

I have premised the above for two reasons : first, 
to obtain a fair hearing, by requesting as far as 
possible a dismissal from the minds of my readers 
of preconceived views by and in favour of which 
an are liable to be prejudiced: and secondlvt to 
defend myself hon. J charge of ^dervd^.g 
authority, or treating lightly the opinions of those 
to whom and to whose memory mankind looks 
with reverence. Properly to value authority, we 
should estimate it together with its means of in- 
formation : if " a dwarf on the shoulders of a giant 
can see further than the ^ant,'' he is no less a 
dwarf in comparison with the giant. 

The subject on which I am about to treat, — ^viz., 
the relation of the affections of matter to each 
other and to matter, — ^peculiarly demands an un- 
prejudiced regard. The different aspects under 
which these agencies have been contemplated ; the 
different views which have been taken of matter 
itself; the metaphysical subtleties to which these 
views unavoidably lead, if pursued beyond fair in* 
ductions from existing experience, present diffi* 
culties almost insurmountable. 

The extent of claim which my views on this 
subject may have to originality must be left to 
the judgment of the reader ; they became strongly 
impressed upon my mind at a period when I was 
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much engaged in experimental research, and were, 
as I then believed, and still believe, regarding them 
as a system, new : expressions in the works of dif- 
ferent authors, bearing more or less on the subject, • 
have subsequently been pointed out to me, some 
of which go back to a distant period. An attempt 
to analyse these, and to trace how far I have been 
anticipated by others, would probably but little 
interest the reader, and in the course of it I should 
constantly have to make distinctions showing 
wherein I differed, and wherein I agreed with 
others. I might cite authorities which appear' 
to me to oppose, and others which appear to co- 
incide with certain of the views I have put forth ; * 
but this would interrupt the consecutive develop- - 
ment of my own ideas, and might render me liable 
to the charge of misconstruing those of others ; 
I therefore thiuk it better to give at the conclusion 
such references to different authors as bear upon 
the subjects treated of, which I have discovered, or 
which have been pointed out to me since the de- 
livery of the lectures of which this essay is a 
record. 

« 

The more extended our research becomes, the 
more we find that knowledge is a thing of slow 
progression, that the very notions which appear to 
ourselves new have arisen, though perhaps in a 
very indirect manner, from successive modifications 
of traditional opinions* Each word we utter, each 
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thought we think, has in it the vestiges, is in itself 
the impress, of antecedent words and thoughts. 
As each material form, could we rightly read it, is 
a book, containing in itself the past history of the 
world; so, different though our philosophy may 
now appear to be from that of our progenitors, it is 
but theirs added to or subtracted from, transmitted 
drop by drop through the filter of antecedent, as 
ours wiU be through that of subsequent, ages. — The 
relic is to the past as is the germ to the future* 

Though many valuable facts, and correct deduc- 
tions from them, are to be found scattered amongst 
the voluminous works of the ancient philosophers ; 
yet, giving them the credit which they pre-emi- 
nently deserve for having devoted their lives to 
purely intellectual pursuits, and for having thought, 
seldom frivolously, often profoundly, nothing can be 
more difficult than to seize and apprehend the 
ideas of those who reasoned from abstraction to 
abstraction, — who, although, as we now believe, 
they must have depended upon observation for 
their first inductions, afterwards raised upon them 
such a complex superstructure of syllogistic deduc- 
tions, that, without following the same paths, and 
tracing the same sinuosities which led them to 
their conclusions, such conclusions are to us unin- 
telligible. To think as another thought, we must 
be placed in the same situation as he was placed : 
the errors of commentators generally arise from 
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their reasoning upon the reasonings of their text, 
either in blind obedience to its dicta, without con* 
sidering the circumstances under which they were 
uttered, or in viewing the images present^ to the 
original writer from a different point to that firom 
which he viewed them. Experimental philosophy, 
or even the theories fairly deducible from experi- 
ment, present such difficulty in a less degree; 
though the theories or explanations of a fact be 
different, the fact remains the same. It is itself 
the exponent of its discoverer*s thought: known 
phenomena have led him to elicit from nature the 
new phenomenon ; and, though he may be wrong 
in his reasoning upon this after its discovery, the 
reasonings which conducted him to it are them- 
selves valuable, and, having led from known to 
unknown truths, can seldom be wholly erroneous. 
Very different views existed amongst the ancients 
as to the aims to be pursued by physical investi- 
gation, and as to the objects likely to be attained 
by it. I do not here mean the moral objects, 
such as the attainment of the summum bonunij Sec 
— but the acquisitions in knowledge which such 
investigations were likely to confer. Utility was 
one object in view, and this was to some extent 
attained by the progress made in astronomy and 
mechanics ; Archimedes, for instance, seems to have 
constantly had this end in view; but, while pur- 
suing natural knowledge for the sake of knowledge, 
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and the power which it brings with it, the greater 
number seemed to entertain an expectation of 
arriving at some ultimate goal, some point of 
knowledge, which would give them a mastery over 
the mysteries of nature, and would enable tfiem to. 
ascertain what was the most intimate structure of 
matter, and the causes of the changes it exhibits. 
Where they could not discover, they speculated. 
Leudppus, Democritus, and others, have given us 
their notions of the ultimate atoms of which matter 
was formed, and of the modus agendi of nature in 
the various transformations which matter under- 
goes. 

The expectation of arriving at ultimate causes or 
essences continued long after the speculations of 
the ancients had been abandoned, and continues 
even to the present day to be a very general no- 
tion of the objects to be ultimately attained by 
physical science. Francis Bacon, the great re- 
modeller of science, entertained this notion, and 
thought that, by experimentally testing natural 
phenomena, we should be enabled to trace them to 
certain primary essences or causes whence the 
various phenomena flow. These he speaks of under 
the scholastic name of "forms," — a term derived 
from the ancient philosophy, but differently ap- 
plied. He appears to have understood by "form" 
the essence of quality, — that in which, abstracting 
everything extraneous, a given quality consists, or 
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that which, superinduced on any body, would give 
it its peculiar quality: thus the form of trans- 
parency is that which constitutes transparency, or 
that by which, when discovered, transparency could 
be produced or superinduced. To take a specific 
example of what I may term the synthetic applica- 
tion of his philosophy : — " In gold there meet to- 
gether yellowness, gravity, malleability, fixedness 
in the fire, a determinate way of solution, which 
are the simple natures in gold j for he who under- 
stands form and the manner of superinducing this 
yellowness, gravity, ductility, fixedness, faculty of 
fusion, solution, &c., with their particular degrees 
and proportions, wUl consider how to join them 
together in some body, so that a transmutation 
into gold shall follow." 

On the other hand, the analytic method, or " the 
inquiry from what origin gold or any other metal 
or stone is generated from its first fluid matter or 
rudiments, up to a perfect mineral," is to be per- 
ceived by what Bacon calls the latent process, or a 
search for "what in every generation or trans- 
formation of bodies, flies ofi^, what remains be- 
hind, what is added, what separated, &c. ; also, in 
other alterations and motions, what gives motion, 
what governs it, and the like." Bacon appears to 
have thought that qualities separate from the sub- 
stances themselves were attainable, and if not 
capable of physical isolation, were at all events 



'W^r^^ »^ m ■■y^^w^i.-»T^»fpp» _ I i j ^-■■y;>—' * >, 



10 CORBELATION OF FH7SIGAL FOBCES. 

capable of physical transference and superinduc- 
tion. 

Subsequently to Bacon a belief has generally 
existed, and now to a great extent exists, in what 
are called secondary causes, or consequential steps, 
wherein one phenomenon is supposed necessarily to 
hang on another, and that on another, until at last 
we arrive at an essential cause, subject immediately 
to the First Cause. This notion is generally pre- 
valent both on the Continent and in this country : 
nothing is more familiar than the expression 
" study the effects in order to arrive at the causes." 

Instead of regarding the proper object of phy- 
sical science as a search after essential causes, I 
believe it ought to be, and must be, a search after 
facts and relations, — that although the word Cause 
may be used in a secondary and concrete sense, as 
meaning antecedent forces, yet in an abstract sense 
it is totally inapplicable: we cannot predicate of 
any physical agency that it is abstractedly the 
cause of another ; and if, for the sake of conve- 
nience, the language of secondary causation be 
permissible, it should be only with reference to the 
special phenomena referred to, as it can never be 
generalised. 

The misuse, or rather varied use, of the term 
Cause, has been a source of great confusion in 
physical theories, and philosophers are even now 
by no means agreed as to their conception of 
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causation. The most generally received view of 
causation, that of Hume, refers it to invariable an- 
tecedence — t. e., we call that a cause which invari- 
ably precedes, that an effect which invariably suc- 
ceeds. Many instances of invariable sequence might 
however be selected, which do not present the rela- 
tion of cause and effect, thus, as Reed observes and 
Brown does not satisfactorily answer, day inva- 
riably precedes night, and yet day is not the cause 
of night. The seed, again, precedes the plant, but 
is not the cause of it ; so that when we study phy- 
sical phenomena it becomes difficult to separate 
the idea of causation from that of force, and these 
have been regarded as identical by some philoso- 
phers. To take an example which will contrast 
these two views : if a floodgate be raised, the water 
flows out J in ordinary parlance, the water is said 
to flow because the floodgate is raised : the sequence 
is invariable ; no floodgate, properly so called, can 
be raised without the water floTring out, and yet 
in another, and perhaps more strict, sense, it is the 
gravitation of the water which causes it to flow. 
But though we may truly say that, in this instance, 
gravitation causes the water to flow, we cannot in 
truth abstract the proposition, and say, generally, 
that gravitation is the cause of water flowing, as 
water may flow from other causes, gaseous elasti- 
city, for instance, which will cause water to flow 
from a receiver full of air into one that is exhausted ; 
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gravitation may also, under certain circumstances, 
arrest instead of cause the flow of water. 

Upon neither view, however, can we get at any- 
thing like abstract causation. If we regard causa- • 
tion as invariable sequence, we can find no case in 
which a given antecedent is the only antecedent to 
a given sequent : thus, if water could flow from no 
other cause than the withdrawal of a floodgate, we 
might say abstractedly that this was the cause of 
water flowing. If, again, adopting the view which 
looks to causation as a force, we could say that 
water could be caused to flow only by gravitation, 
we might say abstractedly that gravitation was the 
cause of water flowing, — but this we cannot say ; 
and if we seek and examine any other example, 
we shall find that causation is only predicable of it 
in the particular case, and cannot be supported as 
an abstract proposition ; yet this is constantly at- 
tempted. Nevertheless, in each particular case 
where we speak of Cause, we habitually refer to 
some antecedent power or force: we never see 
motion or any change in matter take efl^ect without 
regarding it as produced by some previous change ; 
and, when we cannot trace it to its antecedent, we 
mentally refer it to one ; but whether this habit be 
philosophically correct is by no means clear. In 
other words, it seems questionable, not only whether 
cause and effect are convertible terms with ante- 
cedence and sequence, but whether in fact cause 
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does precede effect, whether force does precede the 
change in matter of which it is said to be the cause. 

The actual priority of cause to effect has been 
doubted, and their simultaneity argued with much 
ability. As an instance of this argument it may 
be said, the attraction which causes iron to approach 
the magnet is simultaneous with and ever accom** 
panics the movement of the iron ; the movement 
is evidence of the coexisting cause or force, but 
there is no evidence of any interval in time between 
the one and the other. On this view time would 
cease to be a necessary element in causation; 
the idea of cause, except perhaps as referred to a 
primeval creation, would cease to exist ; and the 
same arguments which apply to the simultaneity of 
cause with effect would apply to the simultaneity of 
Force with Motion. We could not, however, even 
if we adopted this view, dispense with the element 
of time in the sequence of phenomena ; the effect 
being thus regarded as ever accompanied simul- 
taneously by its appropriate cause, we should stiU 
refer it to some antecedent effect ; and our reason- 
ing as applied to the successive production of alL 
natural changes would be the same. 

Habit and the identification of thoughts with 
phenomena so compel the use of recognised terms, 
that we cannot avoid the use of the word cause 
even in the sense to which objection is taken ; and 
if we struck it out of our vocabulary, our language,. 
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in sp^kkiiig of successive changes, would be unin- 
telligible to the present generation. The conmion 
error, if I am right in supposing it to be such, con- 
sists in the abstraction of cause, and in supposing 
in each case a general secondary cause, — a some- 
thing which is not the first cause, but which, if we 
examine it carefully, must have all the attributes 
of a first cause, and an existence independent of, 
and dominant over, matter. 

The relations of electricity and magnetism af- 
ford us a very instructive example of the belief in 
secondary causation. Subsequent to the discovery 
by Oersted of electro-magnetism, and prior to that 
by Faraday of magneto-electricity, electricity and 
magnetism were believed by the highest authorities 
to stand in the relation of cause and effect — t. e.j 
electricity was regarded as the cause, and mag- 
netism as the effect ; and where magnets existed 
without any apparent electrical currents to cause 
their magnetism, hypothetical currents were sup- 
posed^ for the purpose of carrjdng out the causative 
view ; but magnetism may now be said with equal 
truth to be the cause of electricity, and electrical 
currents may be referred to hypothetical magnetic 
lines : if therefore electricity cause magnetism, and 
magnetism cause electricity, why then electricity 
causes electricity, which becomes, so to speak, a 
reductio ad absurdum of the doctrine. 

To take another instance, which may render! 
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these poeitions more intelligible. By heating bars 
of bismuth and antimony in contact, a current of 
electricity is produced ; and if their extremities be 
united by a fine wire, the wire is heated. Now 
here the electricity in the metals is said to be 
caused by heat, and the heat in the wire to be 
caused by electricity, and in a concrete sense this 
is true j but can we thence say abstractedly that 
heat is the cause of electricity, or that electricity 
is the cause of heat ? Certainly not ; for if either 
be true, both must be so, and the effect then be- 
comes the cause of the cause, or, in other words, 
a thing causes itself. Any other proposition on 
this subject will be found to involve similar dif- 
ficulties, until, at length, the mind will become 
convinced that abstract secondary causation does 
not exist, and that a search after essential causes 
is vain. • 

The position which I seek to establish in this 
Essay is, that the various affections of matter 
which constitute the main objects of experimental 
physics^ viz., heat, light, electricity, magnetism^ 
chemical affinity, and motion, are all correlative, 
or have a reciprocal dependence; that neither, 
taken abstractedly, can be said to be the essential 
cause of the others, but that either may produce, 
or be convertible into, any of the others: thus 
heat may mediately or inmiediately produce 
electricity, electricity may produce heat; and 
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SO of the rest, each mer^g itself as the force it 
produces becomes developed : and that the same 
must hold good of other forces, it being an irresist- 
ible inference from observed phenomena that a 
force cannot ori^nate otherwise than by devolu- 
tion from some pre-existing force or forces. 

The term force, although used in very different 
senses by different authors, in its limited sense 
may be defined as that which produces or resists 
motion. Although strongly inclined to believe 
that the other affections of matter, which I have 
above named, are, and will ultimately be resolved 
into, modes of motion, many arguments for which 
will be given in subsequent parts of this Essay, 
it would be going too far, at present, to assume 
their identity with it; I therefore use the term 
force, in reference to them, as meaning that active 
principle inseparable from matter which is sup- 
posed to induce its various changes. 

The word force and the idea it aims at express- 
ing might be objected to by the purely physical 
philosopher on similar grounds to those which 
apply to the word cause, as it represents a subtle 
mental conception, and not a sensuous perception 
or phenomenon. The objection would take some- 
thing of this form. If the string of a bent bow be 
cut, the bow will straighten itself; we thence say 
there is an elastic force in the bow which straightens 
it; but if we applied our expressions to this ex-~^ 
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periment alone, the use of the term force would be 
superfluous, and would not add to our knowledge 
on the subject. All the information which our 
minds could get would be as sufficiently obtained 
from the expression, when the string is cut, the 
bow becomes straight, as from the expression, the 
bow becomes straight by its elastic force. Do we 
know more of the phenomenon, viewed without 
reference to other phenomena, by saying it is pro- 
duced by force ? Certainly not. All we know or 
see is the effect; we do not see force, — we see mo- 
tion or moving matter. 

If now we take a piece of caoutchouc and stretch 
it, when released, it returns to its original length. 
Here, though the subject-matter is very different, 
we see some analogy in the effect or phenomenon 
to that of the strung bow. If again we suspend an 
apple by a string, cut the string, the apple falls. 
Here, though it is less striking, there is still an 
analogy to the strung bow and the caoutchouc. 

Now when the word force is employed as com- 
prehending these three different phenomena we 
find some use in the term, not by its explaining 
or rendering more intelligible the modus agendi of 
matter, but as conveying to the mind something 
which is alike in the three phenomena, however 
distinct they may be in other respects : the word 
becomes an abstract or generalised expression, and 
regarded in this light is of high utility. Although 

c 
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I have given only three examples, it is obvious 
that the term would equally apply to 300 or 3000 
examples. 

But it will be said, the term force is used not 
as expressing the effect^ but as that which pro- 
duces the effect. This is true, and in this its ordi- 
nary sense I shall use it in these payees. But though 
ftVtem h>s » potential M«>ning, to depart frl 
which would render language unintelligible, we must 
guard against supposing that we know essentially 
more of the phenomena by saying they are pro- 
duced by something, which something is only a 
word derived from the constancy and similarity of 
the phenomena we seek to explain by it. The 
relations of the phenomena to which the terms 
force or forces are applied give us real knowledge ; 
these relations may be called relations of forces ; 
our knowledge of them is not thereby lessened, 
and the convenience of expression is greatly in- 
creased, but the separate phenomena are not more 
intimately known ; no further insight into why the 
apple falls is acquired by saying it is forced to fall, 
or it falls by the force of gravitation j by the 
latter expression we are enabled to relate it most 
usefully to other phenomena, but we still know no 
more of the particular phenomenon than that under 
certain circumstances the apple does fall. 

In the above illustrations, force has been treated 
as the producer of motion, in which case the evi- 
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dence of the force is the motion produced; thus 
we estimate the force used to project a cannon ball 
in terms of the mass of matter projected, and the 
velocity with which it is projected. The evidence 
of force when the tenn is applied to resistance to 
motion is of a somewhat different character; the 
matter resisting is molecularly affected and has its 
structure more or less changed ; thus a strip of 
caoutchouc to which a weight is suspended is 
elongated, and its molecules are displaced as com- 
pared with their position when unaffected by the 
gravitating force. So a piece of glass bent by an 
appended weight has its whole structure changed ; 
this internal change is made evident by transmit- 
ting through it a beam of polarised light : a rela- 
tion thus becomes established between the molecular 
state of bodies and the external forces or motion of 
masses. Every particle of the caoutchouc or glass 
must be acting and contributing to resist or arrest 
the motion of the mass of matter appended to it. 

It is difficult, in such cases, not to recognise a 
reality in force. We need some word to express 
this state of tension ; we know that it produces an 
effect, though the effect be negative in character: 
although in this effort of inanimate matter we 
can no more trace the mode of action to its ulti- 
mate elements than we can follow out the connec- 
tion of our own muscles with the volition which 
calls them into action, we are experimentally con- 

1 
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vinced that matter changes its state by the agency 
of other matter, and this agency we call force. 

In placing the weight on the glass, we have 
moved the former to an extent equivalent to that 
which it would again describe if the resistance were 
removed, and this motion of the mass becomes an 
exponent or measure of the force exerted on the 
glass ; while this is in the state of tension, the 
force is ever existing, capable of reproducing the 
ori^nal motion, and while in a state of abeyance 
as to actual motion, it is really acting on the 
glass. The motion is suspended, but the force is 
not annihilated. 

Motion, — which has been taken as the main ex- 
ponent of force in the above examples, — is the 
most obvious, the most distinctly conceived of all 
the affections of matter. Visible motion, or rela- 
tive change of position in space, is a phenomenon 
so obvious to simple apprehension, that to attempt 
to define it would be to render it more obscure; 
but with motion, as with all physical appearances, 
there are certain vanishing shadows or undefined 
limits, at which the obvious mode of action gra- 
dually disappears; to detect the continuing exist- 
ence of the phenomena we are obliged to have 
recourse to other than ordinary methods of investi- 
gation, and we frequently apply other and different 
names to the effects so recocniised. 

Thus sound is motion ; and although in the 
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earlier periods of philosophy the identity of sound 
and motion was not traced out, and they were con* 
sidered distinct affections of matter, — indeed at the 
close of the last century a theory was advanced 
that sound was transmitted by the vibrations of an 
ether, — we now so readily resolve sound into mo- 
tion, that to those who are familiar with acoustics, 
the phenomena of sound immediately present to 
the mind the idea of motion, t. e.^ motion of ordi* 
nary matter. 

Again, with regard to light : no doubt now 
exists that light moves, or is accompanied by 
motion. Here the phenomena of motion are not 
made evident by the ordinary sensuous perception, 
as for instance the motion of a visibly moving pro-^ 
jectile would be, but by an inverse deduction from 
known relations of motion to time and space : as 
all observation teaches us that bodies in moving 
from one point in space to another occupy time, we 
conclude that, wherever a continuing phenomenon 
is rendered evident in two different points of space 
at different times, there is motion, though we can- 
not see the progression. A similar deduction con- 
vinces us of the motion of electricity. 

As we in common parlance speak of sound mov- 
ing, although sound is motion, it requires no great 
stretch of imagination to conceive light and elec-» 
tricity as motions, and not as things moving. K 
one end of a long bar of metal be struck, a sound 

3 
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is soon perceptible at the other end. This we 
now know to be a vibration of the bar ; sound is 
but a word expressive of the mode of motion 
impressed on the bar ; so one end of a column of 
air or glass subjected to a luminous impulse ^ves 
a perceptible eflfect of light at the other end : this 
can equally be conceived to be a vibration or 
transmitted motion of the transparent column: 
this question will, however, be further discussed 
hereafter ; for the present we will confine ourselves 
to motion within the limits to which the term is 
usually restricted. 

WiA the perceptible phenomena of motion the 
mental conception has been invariably associated 
to which I have before alluded, and to which the 
term force is given, — the which conception, when 
we analyse it, refers us to some antecedent motion. 
If we except the production of motion by heat, 
light, &c., which will be considered in the sequel, 
when we see a body moving we look to motion 
having been communicated to it by matter which 
has previously moved^ 

Of absolute rest Nature gives us no evidence : 
all matter, as far as we can ascertain, is ever in 
movement, not merely in masses, as with the pla- 
netary spheres, but also molecularly, or throughout 
its most intimate structure : thus every alteration 
of temperature produces a molecular change 
throughout the whole substance heated or cooled ; 
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slow chemical or electrical actions, actions of light 
or invisible radiant forces, are always at play, so 
that as a fact we cannot predicate of any portion of 
matter that it is absolutely at rest. Supposing, how- 
ever, that motion is not an indispensable function 
of matter, but that matter can be at rest, matter at 
rest would never of itself cease to be at rest; it 
would not move unless impelled to such motion 
by some other moving body, or body which has 
moved. This proposition applies not merely to im- 
pulsive motion, as when a ball at rest is struck by 
a moving spring, or pressed by a spring which has 
previously been moved, but to motion caused by 
attractions such as magnetism or gravitation. 
Suppose a piece of iron at rest in contact witii a 
magnet at rest ; if it be desired to move the iron 
by the attraction of the magnet, the magnet or the 
iron must first be moved ; so before a body fiiUs it 
must first be raised. A body at rest would there- 
fore continue so for ever, and a body once in 
motion would continue so for ever, in the same di- 
rection and with the same velocity, unless impeded 
by some other body, or affected by some other 
force than that which originally impelled it. These 
propositions may seem somewhat arbitrary, and it 
has been doubted whether they are necessary 
truths J they have for a long time been xeceived a9 
axioms, and there can at all events be no harm in 
accepting them as postulates. It is however very 
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generally believed that if the visible or palpable 
motion of one body be arrested by impact on 
another body, the motion ceases, and the force 
which produced it is annihilated. 

Now the view which I venture to submit is, that 
force cannot be annihilated, but is merely subdi- 
vided or altered in direction or character. First, 
as to direction. Wave your hand : the motion, 
which has apparently ceased, is taken up by the 
air, from the air by the walls of the room, &c., 
and so by direct and reacting waves, continually 
comminuted, but never destroyed. It is true that, 
at a certain point, we lose all means of detecting 
the motion, from its minute subdivision, which 
defies our most delicate means of appreciation, but 
we can indefinitely extend our power of detecting 
it accordingly as we confine its direction, or in- 
crease the delicacy of our examination. Thus, if 
the hand be moved in unconfined air, the motion 
of the air would not be sensible to a person at a 
few feet distance ; but if a piston of the same 
extent of surface as the hand be moved Avith the 
isame rapidity in a tube, the blast of air may be 
distinctly felt at several yards distance. There is 
no greater absolute amount of motion in the air in 
the second than in the first case, but its direction 
is restrained, so as to make its means of detection 
more facile. By carrying on this restraint, as in 
the air-gun, we get a power of detecting the 
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motion, and of moving other bodies at far greater 
distances. The pufF of air which would in the air- 
gun project a bullet a quarter of a mile, if allowed 
to escape ^vithout its direction being restrained, as 
by the bursting of a bladder, would not be percept- 
ible at a yard distance, though the same absolute 
amount of motion be impressed on the surround- 
ing air. 

It may,' however, be asked, what becomes of force 
when motion is arrested or impeded by the counter- 
motion of another body ? This is generally be- 
lieved to produce rest, or entire destruction of 
motion, and consequent annihilation of force: so 
indeed it may, as regards the motion of the masses, 
but a new force, or new character of force, now 
ensues, the exponent of which, instead of visible 
motion, is heat. I venture to regard the heat 
which results from friction or percussion as a con- 
tinuation of the force which was previously asso- 
ciated vnth the moving body, and which, when 
this impinges on another body, ceasing to exist as 
gross, palpable motion, continues to exist as heat. 

Thus, let two bodies, A and B, be supposed 
moving in opposite directions, (putting for the 
moment out of the question all resistance, such as 
that of the air, &c. ), if they pass each other with- 
out contact each will move on for ever in its re- 
spective direction with the same velocity, but if 
they touch each other the velocity of the move* 
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ment of each is reduced, and each becomes heated : 
if this contact be slight, or such as to occasion but 
a slight diminution of their velocity, as when the 
surfaces of the bodies are oiled, then the heat is 
slight ; but if the contact be such as to occasion a 
great diminution of motion, as in percussion, or as 
when the surfaces are roughened, then the heat is 
great, so that in all cases the resulting heat is pro- 
portionate to the diminished velocity. Where, 
instead of resisting and consequently impeding 
the motion of the body A, the body B gives way, 
or itself takes up the motion originally commimi- 
cated to A, then we have less heat in proportion to 
the motion of the body B, for here the operation of 
the force continues in the form of palpable motion : 
thus the heat resulting from friction in the axle of 
a wheel is lessened by surrounding it by roUers; 
these take up the primary motion of the axle, and 
the less, by this means, the initial motion is im- 
peded, the less is the resulting heat. Again, if a 
body move in a fluid, although some heat is pro- 
duced, the heat is apparently trifling, because the 
particles of the fluid themselves move, and con- 
tinue the motion originally communicated to the 
movmg body: for every portion of motion com- 
municated to them this loses an equivalent, and 
where both lose, then an equivalent of heat results. 
As the converse of this proposition, it should 
follow that the more rigid the bodies impinging on 
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each other the greater should be the amount of 
heat developed by friction, and so we find it. Flint, 
steel, hard stones, glass, and metals, are those 
bodies which give the greatest amount of heat from 
friction or percussion ; while water, oil, &c., give 
little or no heat, and from the ready mobility of 
their particles lessen its development when inter- 
posed between rigid moving bodies. Thus, if we 
oil the axles of wheels, we have more rapid motion 
of the bodies themselves, but less heat ; if we 
increase the resistance to motion, as by roughening 
the points of contact, so that each particle strikes 
against and impedes the motion of others, then we 
have diminished motion, but increased heat ; or if 
the bodies be smooth, but instead of sliding past ecu^h 
other be pressed closely together and then rubbed, 
we shall in many cases evolve more heat than by 
the roughened bodies, as we get a greater number 
of particles in contact and a greater resistance to 
the initial motion. I cannot present to my mind 
any case of heat resulting from friction which is 
not explicable by this view : friction, according to 
it, is simply impeded motion. The greater the 
impediment, the more force is required to overcome 
it, and the greater is the resulting heat ; this re- 
sulting heat being a continuation of indestructible 

m 

force, capable, as we shall presently see, of reprodu- 
cing palpable motion, or motion of definite masses. 
Whatever be the nature of the bodies, rough or 
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smooth, solid or liquid, provided there be the same 
initial force, and the whole motion be ultimately 
arrested, there should be the same amount of heat 
developed, though where the motion is carried on 
through a great number of points of matter we do 
not so sensibly perceive the resulting heat from 
its greater dissipation. The friction of fluids pro- 
duces heat, an effect first noticed I believe by 
Mayer. The total heat produced by the friction 
of fluids should, therefore, it will be said, be equal 
to that produced by the friction of solids; for 
although each particle produces little heat, the 
motion being readily taken up by the neighbour- 
ing particles, yet by the time the whole mass has 
attained a state of rest there has been the same 
impeding of the initial motion as by the friction 
of solids if produced by the same initial force. If 
the heat be viewed in the aggregate, and allowance 
be made for the specific thermal capacity of the 
substances employed, it probably is the same, though 
apparently less ; the heat in the case of solids being 
manifested at certain defined points, while in that 
of fluids it is dissipated, both the time and space 
during and through which the motion is propa- 
gated differ in the two cases, so that the heat in 
the latter case is more readily carried off by sur- 
rounding bodies. 

If the initial motion, instead of being arrested 
by the impact of other bodies, as in friction 
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or percussion, is impeded by confinement or com- 
pression, as where the dilatation of a gas is 
prevented by mechanical means, heat equally re* 
suits : thus if a piston is used to compress air in 
a closed vessel, the compressed air and, from it, the 
sides of the vessel will be heated: the air being 
unable to take up and carry on the original motion 
communicates molecular motion or expansion to 
all bodies in contact with it ; and, conversely, if we 
expand air by mechanical motion, as by withdraw- 
ing the piston, cold is produced. So when a solid 
has its particles compressed or brought nearer 
together, as when a bar of iron is hammered, heat 
is produced beyond that which is due to percus- 
sion alone. In this latter case we cannot very easily 
eflEect the converse result, or produce cold by the 
mechanical dilata^on of a solid, though the pheno- 
mena of solution, where the particles of a solid 
are detached from each other, or drawn more 
widely asunder, give us an approximation to it : 
in the case of solution cold is produced. 

We are from a very extensive range of observa^ 
tion and experiment entitled to conclude that, 
abstracting all other interfering actions, whenever 
a body is compressed or brought into smaller di- 
mensions it is heated, u e.j it expands neighbouring 
substances. Whenever it is dilated or increased 
in volume it is cooled, or contracts neighbouring 
substances. 
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Mr. Joule has made a great number of expeii* 
ments for the purpose of ascertaining what quan* 
tity of heat is produced by a given mechanical 
action. His mode of experimenting is as follows. 
An apparatus formed of floats or paddles of brass 
or iron is made to rotate in a bath of water or mer- 
cury. The power which gives rise to this rotation 
is a weight raised like a clock- weight to a certain 
height ; this by acting during its fall on a spindle 
and pulley communicates motion to the paddle- 
wheel, the water or mercury serving as a friction 
medium and calorimeter ; and the heat is measured 
by a delicate mercurial thermometer. The results 
of his experiments he considers prove that a fall of 
772 ibs. through a space of one foot is able to 
raise the temperature of one poimd of water 
through one degree of Fahrenheit's thermometer. 
Mr. Joule's experiments are of extreme delicacy,-^ 
he tabulates to the thousandth part of a degree of 
Fahrenheit, and a large number of his thermo- 
metric data are comprehended within the limits of 
a single degree. Other experimenters have given 
very diflcrent numerical results, but the general 
opinion seems to be that' the nimibers given by 
Mr. Joule are the nearest approximation to the 
truth yet obtained. 

Hitherto I have taken no distinction as to the 
physical character of the bodies impinging on each 
other; but Nature gives us a remarkable difference 
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in the character or mode of the force eUminated 
by friction, accordingly as the bodies which im- 
pinge are homogeneous or heterogeneous : if the 
former, heat alone is produced ; if the latter elec- 
tricity. 

We find, indeed, instances given by authors, of 
electricity resulting from the friction of homo- 
geneous bodies; but, as I stated in my original 
Lectures, I have not found such facts confirmed 
by my oyra experiments, and this conclusion has 
been corroborated by some experiments of Pro- 
fessor Erman, communicated to the meeting of the 
British Association in the year 1845, in which he 
found that no electricity resulted from the friction 
of perfectly homogeneous substances; as, for in- 
stance, the ends of a broken bar. Such experi* 
ments as these will, indeed, be seldom free from 
slight electrical currents, on account of the prac- 
tical difficulty of fulfilling the condition of perfect 
homogeneity in the substances themselves, their 
size, their temperature, &c. ; but the effects pro- 
duced are very trifling and vary in direction, and 
the resultant effect is nought. Indeed, it would 
be difficult to conceive the contrary; How could 
we possibly image to the mind or describe the 
direction of a current from the same body to the 
same body, or give instructions for a repetition of 
the experiment? It would be imintelligible to say 
that in rubbing to and fro two pieces of bismuth, 
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iron, or glass, a current of electricity circulated from 
bismuth to bismuth, or from iron to iron, or from 
glass to glass ; for the question immediately occurs, 
— from which bismuth to which does it circulate ? 
And should this question be answered, by calling 
one piece A, the other B, this would only apply 
to the particular specimens employed, the dis- 
tinctive appellation denoting a distinction in fact, 
as otherwise A could be substituted for 6, and the 
bar to which the positive electricity flowed would 
in turn become the bar to which the negative elec- 
tricity flowed. We may say that it circulates from 
rough glass to smooth, from cast iron to wrought, 
for here there is hot homogeneity. It is more- 
over conceivable, that when the motion is conti- 
nuous in a definite direction, electricity may re- 
sult from the friction of homogeneous bodies. If 
A and B rub against each other, revolving in 
opposite directions, concentric currents of positive 
and negative electricity may be conceived circu- 
lating within the metals, and be described by 
reference to the direction of their motion; this 
indeed would be a different phenomenon from 
those we have been considering, and is, experi- 
mentally, unknown; but without some distinction 
between the two substances, in quality or direc- 
tion, the electrical effects are indescribable, if not 
inconceivable. 

We may say, then, that in our present state of 
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knowledge, where the mutually impinging bodies 
are homogeneous, heat and not electricity is the 
result of friction and percussion ; where the bodiies 
impinging are heterogeneous, we may safely state 
that electricity is always produced by friction or 
percussion, although heat in a greater or less de- 
gree accompanies it ; but when we come to the ques- 
tion of the ratio in which frictional electricity is 
produced, as determined by the diflferent characters 
of the substances employed, we find very complex 
results. Bodies may differ in so many particulars 
which influence more or less the development of 
electricity, such as their chemical constitution, the 
state of their surfaces, their state of aggregation^ 
their transparency or opacity, their power of con'» 
ducting electricity, &c., that the normce of their 
action are very difficult of attainment. As a general 
rule, it may be said that the development of elec*' 
tricity is greater when the substances employed 
are broadly distinct in their physical and chemical 
qualities, and more particularly in their conduct- 
ing powers ; but up to the present time the laws 
governing such development have not been even 
approximatively determined^ 

I have said, in reference to the various forces or 
J affections of matter, that either of them may, 

mediately or immediately^ produce the others ; and 
this is all I can venture to predicate of them in 
the present state of science; but after much con- 
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sideration I incline strongly to the opinion that 
science is rapidly progressing towards the esta- 
blishment of immediate or direct relations between 
all these forces. Where at present no immediate 
relation is established between any of them, elec- 
tricity generally forms the intervening link or 
middle term. 

Motion, then, will directly produce heat and 
electricity^ and electricity, being produced by it, 
will produce magnetism^ — a force which is always 
developed by electrical currents at right angles 
to the direction of those currents, as will be sub- 
sequently more fully explained. Light also is rea- 
dily produced by motion, either directly, as when 
accompanying the h^at of friction, or mediately, 
by electricity resulting from motion ; as in the 
electrical spark, which has most of the attributes 
of solar light, diflfering from it only in those 
respects in which light diflfers when emanating 
from different sources or seen through different 
media; for instance, in the position of the fixed 
lines in the spectrum or in the ratios of the spaces 
occupied by rays of different refrangibiUty. In 
the decompositions and compositions which the 
terminal points proceeding from the conductors of 
an electrical machine develope when immersed in 
different chemical media, we get the production of 
chemical affinity by electricity, of which motion is 
the initial source. Lastly, motion may be again re- 
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produced by the forces which have emanated from 
motion; thus, the divergence of the electrometer, 
the revolution of the electrical wheel, the deflection 
of the magnetic needle, are, when resulting from 
frictional electricity, palpable movements repro- 
duced by the intermediate modes of force, which 
have themselves been ori^ated by motion. 

If we now take Heat as our starting point, we 
shall find that the other modes of force may be 
readily produced by it. To take motion first : 
this is so generally, I think I may say invariably, 
the immediate effect of heat, that we may almost, 
if not entirely, resolve heat into motion, and view 
it as a mechanically repulsive force, a force an- 
tagonist to attraction of cohesion or aggregation, 
and tending to move the particles of all bodies, or 
to separate them from each other. 

It may be well here to premise, that in using the 
terms "particles" or "molecules," which will be fre- 
quently employed in this Essay, I do not use them 
in the sense of the atomist, or mean to assert that 
matter consists of indivisible particles or atoms. 
The words will be used for the necessary purpose 
of contradistinguishing the action of the inde- 
finitely minute physical elements of matter from 
that of masses having a sensible magnitude, much 
in the same way as the terms "lines" or "points'* 
may be used, and with advantage in an abstract 
sense \ though there does not exist in fact a thing 
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which has length and breadth without thickness, 
and though a thing without parts or dimensions is 
nothing. 

If we put aside the sensation which heat pro- 
-duces in our own bodies, and regard heat simply 
as to its effects upon inorganic matter, we find 
that, with a very few exceptions, which I shall pre- 
sently notice, the effects of what is called heat are 
simply an expansion of the matter acted upon, and 
that the matter so expanded has the power by its 
own contraction of communicating expansion to all 
bodies in contiguity with it. Thus, if the body be 
a solid, for instance, iron, a liquid, say water, or 
a gas, say atmospheric air, — each of these, when 
heated, is expanded in every direction : in the two 
former cases, by increasing the heat to a certain 
point, we change the physical character of the sub- 
stance, the solid becomes a liquid, and the liquid 
becomes a gas ; these, hoTvever, are still expansions, 
particularly the latter, when, at a certain period, 
the expansion becomes rapidly and indefinitely 
greater. But what is, in fact, commonly done in 
order to heat a substance, or to increase the heat 
of a substance ? it is merely approximated to some 
other heated, that is, to some other expanded sub- 
stance, which latter is cooled or contracted as the 
former expands. Let us now divest the mind of 
the impression that heat is in itself anything sub- 
stantive, and suppose that these phenomena are 
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regarded for the first time, and without any pre- 
conceived notions on the subject ; let us introduce 
no hypothesis, but merely express as simply as we 
can the facts of which we have become cognisant ; 
to what do they amount ? to this, that matter has 
pertaining to it a molecular repulsive power, a 
power of dilatation which is communicable by 
contiguity or proximity, . 

Heat thus viewed, is motion, and this molecular 
motion we may readily change into the motion of 
masses, or motion in its most ordinary and palpable 
form : for example, in the steam en^ne, the piston 
and all its concomitant masses of matter are moved 
by the molecular dilatation of the vapour of water* 

To produce continuous motion there must be an 
alternate action of heat and cold ; a given portion 
of air, for instance, heated beyond the temperature 
of the circumambient air, is expanded. If now it 
be made to act on a moveable piston, it moves this 
to a point at which the tension or elastic force of 
the confined air equals that of the surrounding air. 
If the confined air be kept at this point, the 
piston would remain stationary ; but if it be 
cooled, the external air exercising then a greater 
relative degree of pressure, the piston returns to- 
wards its original position ; just as it will be seen 
when we come to the magnetic force, that a magnet 
placed in a particular position produces motion in 
iron xnear it, but to make this motion continuQus, 
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or to obtidn a mecliaiiical power, the magnet must 
be demagnetised, or a stable equilibrium is obtained. 

In the case of the piston moved by heated air 
the motion of the mass becomes the exponent of 
the amount of heat, — t. e. of the expansion of the 
molecules; nor do we, by any of our ordinary 
methods, test heat in any other way than by its 
purely djniamical action. The various modifica- 
tions of the thermometer and pyrometer are all 
measurers of heat by motion : in these instruments 
liquid or solid bodies are expanded and elongated, 
t. «., moved in a definite direction, and, either by 
their own visible motion, or by the motion of an 
attached index, communicate to our senses the 
amount of the force by which they are moved. 
There are, indeed, some delicate experiments which 
tend to prove that a repulsive action between 
separate masses is produced by heat. Fresnel 
found that mobile bodies heated in an exhausted 
receiver repelled each other to sensible distances ; 
and Baden Powell found that the coloured rings 
usually called Newton's rings change their breadth 
and position when the glasses between which they 
appear are heated ; in a manner which showed that 
the glasses repelled each other. There is, however, 
some difficulty in presenting these phenomena to 
the mind in the same aspect as the molecular 
repulsive action of heat. 

The phenomena of what is termed latent heat 
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have been generally considered as strongly in 
favour of that view which regards heat either as 
actual matter, or, at all events, as a substantive 
entity, and not a motion or affection of ordinary 
matter. 

The hypothesis of latent matter is, I venture 
with diffidence to think, a dangerous one — it is 
something like the old principle of Phlogiston, it is 
not tangible, visible, audible ; it is, in fact, a mere 
subtle mental conception, and ought, I submit, 
only to be received on the ground of absolute ne- 
cessity, the more so as these subtleties are apt to 
be carried on to other natural phenomena, and so 
they add to the hypothetical scaffolding which is 
seldom requisite, and should be sparingly used, 
even in the early stages of discovery. As an 
instance, I think a striking one, of the injurious 
effects of this, I will mention the analogous doc- 
trine of "invisible light;" and I do this, meaning 
no disrespect to its distinguished author, any more 
than, in discussing the doctrine of latent heat, I 
can be supposed, in the slightest degree, to aim at 
detracting from the merits of the illustrious in- 
vestigators of the facts which that doctrine seeks to 
explain. Is not " invisible light," a contradiction 
in terms? has not light ever been regarded as that 
agent which affects our visual organs ? Invisible 
light, then, is darkness, and if it exist, then is dark- 
ness light. I know it may be said, that one eye 
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can detect light where another cannot ; that a cai 
may see where a man cannot ; that an insect may 
see where a cat cannot ; but then it is not invisible 
light to those who see it : 'the light, or rather the 
object seen by the cat, may be invisible to the man, 
but it is visible to the cat, and, therefore, cannot 
abstractedly be said to be invisible. If we go 
further, and find an agent which affects certain 
substances similarly to light, but does not, as far 
as we are aware, affect the visual organs of any 
anunal, then is it not an erroneous nomenclature 
which calls such an agent light ? There are many 
cas^s in which a deviation from the once accepted 
meaning of words has so gradually entered into 
common usage as to be unavoidable, but I venture 
to think that additions to such cases should as far 
as possible be avoided, as injurious to that precision 
of language which is one of the safest guards to 
knowledge, and from the absence of which physical 
science has materially suffered. 

Let us now shortly examine the question of 
latent heat, and see whether the phenomena cannot 
be as well, if not more satisfactorily, explained 
without the hjrpothesis of latent matter, an idea 
presenting many similar difficulties to that of 
invisible light, though more sanctioned by usage. 
Latent heat is supposed to be the matter of heat, 
associated, in a masked or dormant state, with 
ordinary matter, not capable of being detected by 
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any test so long as the matter with which it is as- 
sociated remains in the same physical state, but 
communicated to or absorbed £rom other bodies, 
when the matter with which it is associated changes 
its state. To take a common example : a pound 
or given weight of water at 172**, mixed with an 
equal weight of water at 32 % will acquire a mean 
temperature, or 102** ; while water at 172**, mixed 
Avith an equal weight of ice at 32 **, will be reduced 
to 32 **. By the theory of latent heat this pheno* 
menon is thus explained : — In the first case, that 
of the mixture of water with water, both the bodies 
being in the same physical state, no latent heat is 
rendered sensible, or sensible heat latent ; but in 
the second, the ice changing its condition from the 
«olid to the liquid state, abstracts from the liquid as 
much heat as it requires to maintain it in the liquid 
state, which it renders latent, or retains associated 
with itself, as long as it remains liquid, but of 
which heat no evidence can be afforded by any 
thermoscopic test. 

I believe this and similar phenomena, where heat 
is connected with a change of state, may be ex- 
plained and distinctly comprehended without re- 
course to the conception of latent heat, . though it 
requires some effort of the mind to divest itself of 
this idea, and to view the phenomena simply in 
their dynamical relations. To assist us in so 
viewing them, let us first parallel with purely 
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mechanical actions certain simple effects of heat, 
where change of state (I mean such change as from 
the solid to the liquid, or liquid to the gaseous 
state) is not concerned. Thus, place within a 
receiver a bladder, and heat the air within to 
a higher temperature than that without it, the 
bladder expands; so, force the air mechanically 
into it by the air-pump, the bladder expands ; cool 
the air on the outside, or remove its pressure me- 
chanically by an exhausting pimip, the bladder 
also expands; conversely, increase the external 
repellent force, either by heat or mechanical pres- 
siire, and the bladder contracts. In the mechanical 
effects, the force which produced the distention is 
derived firom, and at the expense of, the mechanical 
power employed, as from muscular force, from gra- 
vitation, from the reacting elasticity of springs, or 
any similar force by which the air-pump may be 
worked. In the heating effects, the force is derived 
from the chemical action in the lamp or source of 
heat employed. 

Let us next consider the experiment so arranged 
that the force, which produces expansion in the 
one case, produces a correlative contraction in the 
other : thus, if two bladders, with a connecting 
neck between them, be half-filled with air, as the 
one is made to contract by pressure the other will 
dilate, and vice versd ; so a bladder partly filled with 
cold lur, and contained within another filled with 
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hot air, expands, while the space between the blad- 
ders contracts, exhibiting a mere transfer of the 
same amount of repulsive force, the mobility of 
the particles, or their mutual attraction, being the 
same in each body ; in other words, the repulsive 
force acts in the direction of least resistance until 
equilibrium is produced; it then becomes a sta- 
tic or balanced, instead of a dynamic or motive 

force. 

Let us now consider the case where a solid is to 
be changed to a liquid, or a liquid to a gas ; here 
a much greater amount of heat or repulsive force 
is required, on account of the cohesion of the par- 
ticles to be separated. In order to separate the 
particles of the solid, precisely as much force must 
be parted with by the warmer liquid body as keeps 
an equal quantity of it in its liquid state ; it is, 
indeed, only with a more striking line of demarca- 
tion, the case of the hot and cold bladder, — a part 
of the repellent power of the hot particles is trans- 
ferred to the cold particles, and separates them in 
their turn, but the antagonist force of cohesion or 
aggregation necessary to be overcome, being in this 
case much stronger, requires and exhausts an 
exactly proportionate amount of repellent force 
mechanically to overcome it; hence the different 
effect on a body such as the common thermometer, 
the expanding liquid of which does not undergo a 
similar change of state. Thus, in the example m 
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above given, of the mixture of cold with hot Water, 
the hot and cold water and the mercury of the ther- 
mometer being all in a liquid state before, and re* 
maming so after contact, the resulting temperature 
is an exact mean ; the hot water contracts to a certain 
extent, the cold water expands to the same extent, 
and the thermometer either sinks or rises the same 
number of degrees, accordingly as it had been previ- 
ously immersed in the cold or in the hot solution, 
its mercury gaining or losing an equivalent of re- 
pellent force. In the second instance, viz. the mix- 
ture of ice with hot water, the substance we use as an 
indicator; t. «., mercury, does not undergo the same 
physical change as those whose relations of volume 
we are examining. The force — ^viewing heat simply 
as mechanical force — which is employed in loosen- 
ing or tearing asunder the particles of the solid ice, 
is abstracted from the liquid water, and from the 
liquid mercury of the thermometer, and in propor- 
tion as this force meets with a greater resistance in 
separating the particles of a solid than of a liquid, 
so the bodies which yield the force suffer propor- 
tionately a greater contraction. 

If we compare the action of heat on the two 
substances, water and mercury, alone, and throw 
out of our consideration the ice, we shall be able to 
apply the same view: thus, if a given source of 
heat be applied to water containing a mercurial 
thermometer, both the water and mercury gradually 
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"expaiid, but in different degrees ; at a certain point 
the attractive force of the molecules of the water is 
so far overcome that the water becomes vapour. 
At this point, the heat or force, meeting with muck 
less resistance from the attraction of the particles 
of steam than from those of the mercury, expends 
itself upon the former ; the mercury does not fur- 
ther expand, or expands in an infinltesimally small 
degree, and the steam expands greatly. As soon 
as this arrives at a point where circumambient pres- 
sure causes its resistance to further expansion to 
be equal to the resistance to expansion in the mer- 
cury of the thermometer, the latter again rises, and 
so both go on expanding in an inverse ratio to 
their molecular attractive force. If the circum- 
ambient pressure be increased, as by confining the 
water at the commencement of the experiment 
Avithin a less expansible body than itself such as a 
metallic chamber, then the mercury of the thermo- 
meter continues to rise ; and if the experiment 
were continued, the water being confined and not 
the mercury, until we have arrived at a degree of 
repulsive force which is able to overcome the cohe- 
sive power of the mercury, so that tlus expands 
into Tapour, then we get the converse effect ; the 
force expends itself upon the mercury, which ex- 
pands indefinitely, as the water did in the first case, 
and the water does not expand at alL 

Another very usual mode of regarding the 9ubr 
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ject may embarrass at first sight, but a little consi* 
deration will show that it is explicable by the same 
doctrine. Water which has ice floating in it will 
give, when measured by the thermometer, the same 
temperature as the ice ; t. e.j both the water and 
ice contract the mercury of the thermometer to the 
point conventionally marked as 32^. It may be 
said, how is this reconcileable with the dynamical 
doctrine, for, according to that, the solid should 
take from the mercury of the thermometer more 
repulsive power than the liquid; consequently, 
the ice should contract the mercury more than the 
water? 

My answer is, that in the proposition as thus 
stated, the quantities of the water, ice, and mer- 
cury are not taken into consideration, and hence a 
necessary d3niamical element is neglected : if the 
element of quantity be included, this objection will 
not apply. Let the thermometer, for instance, con- 
tain 13]^ oz. of mercury, and stand at 100^ ; if 
placed in contact with an unlimited quantity of ice 
at 32**, the mercury will sink to 32**. If the same 
thermometer be immersed in an unlimited quantity 
of water at 32**, the mercury sinks also to 32** ; not 
absolutely, perhaps, because, however great the 
quantity of water or ice, it will be somewhat raised 
in temperature by thewarmer mercury. This ele- 
vation of temperature above 32** will be smaller in 
proportion as the quantity of water or ice is larger 
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than the quantity of mercury ; and, as we know of 
no intermediate state between ice and water, the 
contact of a thermometer at a temperature above 
the freezing point with any quantity of ice exactly 
at the freezing point would, theoretically speaking, 
liquefy the whole, provided it had sufficient time ; 
for as every portion of that ice would in time have 
its temperature raised by the contact of the warmer 
body, and as any elevation of temperature above 
the freezing point liquefies ice, every portion should 
be liquefied. Practically speaking, however, in 
both cases, that of the water and of the ice, when 
the quantity is indefinitely great the thermometer 
falls to 32^ 

Now place the same thermometer at 100*, suc- 
cessively in one oz. of water at 32**, and in one of 
ice at 32** ; we shall find in the former case it will 
be lowered only to 54**, and in the latter to 32^ ; 
apply to this the doctrine of repulsive force, and we 
get a satisfactory explanation. 

In the first case, the quantities both of ice and 
water being indefinitely great in respect to the mer- 
cury, each reduces it to its OAvn temperature, viz., 
32**, and the ice cannot reduce the mercury below 
32**, because it would receive back repulsive power 
from the newly formed water, and this would be- 
come ice ; in the second case, where the quantities 
are limited, the mercury does lose more repulsive 
power by the ice than by the water, and the observ- 
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ations made in reference to the first illustration 
apply. 

The above doctrine is beautifully instanced in 
the experiment of Thilorier, by which carbonic acid 
is solidified. Carbonic acid gas, retained in a strong 
vessel under great pressure, is allowed to escape 
from a small orifice ; the sudden expansion requires 
so great a supply of force, that in furnishing the de- 
mands of the expanding gas certain other portions 
of the gas contract to such an extent as to solidify r 
thus, we have reciprocal expansion and contraction 
going on in one and the same substance, the time 
being too limited for the whole to assume a uni- 
form temperature, or in other words, a uniform 
extent of expansion. 

It has been observed with reference to heat thus 
viewed, that it would be as correct to say, that 
heat is absorbed, or cold produced by motion, as that 
heat is produced by it. This difficulty ceases when 
the mind has been accustomed to regard heat and 
cold as themselves, motion ; i. e. as correlative ex- 
pansions and contractions, each being evidenced by 
relation, and being inconceivable as an abstraction*. 

In commencing the subject of heat, I asked my 
reader to put out of consideration the sensations 
which heat produces in our own bodies ; I did this 
because these sensations are likely to deceive and 
have deceived many as to the nature of heat. These 
sensations are themselves occasioned by similar 
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expansions to those which we have been consider- 
ing ; the liquids of the body are expanded, t. e.^ 
rendered less viscid by heat, and from their more 
ready flow, we obtain the sensation of agreeable 
warmth. By a greater degree of heat, their expan- 
sion becomes too great, giving rise to a sense of 
pain, and, if pushed to extremity, as with the heat 
which produces a bum, the liquids of the body are 
dissipated in vapour, and an injury or destruction 
of the organic structure takes place. A similar 
though converse effect may be produced by intense 
cold ; the application of frozen mercury to the 
animal body produces a bum similar to that pro- 
duced by great heat, and accompanied with a 
similar sensation. 

Doubtless other actions than those above men- 
tioned interfere in producing the sensations of heat 
and cold ; but I think it will be seen that these 
will not affect the arguments as to the nature of 
heat. The phenomenal effects will be found un- 
altered : heat will still be found to be expansion, 
cold to be contraction ; and the expansion and con- 
traction are, as with the two bladders of air, cor- 
I j relative — i. e.<, we cannot expand one body, a, with- 

out contracting some other body, b ; we cannot con- 
tract A without expanding b, assuming that we 
view the bodies mth relation to heat alone, and 
suppose no other force to be manifested* 

I have said that there are a few exceptions as 
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to heat being always manifested by an expansion 
of matter. One class of these exceptions is only 
apparent: mobt clay, animal or vegetable fibre, 
and other substances of a mixed nature, which 
contain matter of different characters, some of 
which is more and some less volatile, t. e., expan<» 
sible, are contracted on the application of heat ; 
this arises firom the more volatile matter being dissi- 
pated in the form of vapour or gas ; and the inter- 
stices of the less volatile being thus emptied, the 
latter contracts by its own cohesive attraction, 
giving thus a primd facie appearance of contrac- 
tion by heat. The pyrometer of Wedgwood is 
explicable on this principle. 

The second class of exceptions, though much 
more limited in extent, is less easily explained. 
Water, fused bismuth, and probably some other 
substances (though the fact as to them is not 
clearly established), expand as they approach very 
near to the freezing or solidifying point. The 
most probable explanation of these exceptions is, 
that at the point of maximum density the mole- 
cules of these bodies assume a polar or crystalline 
condition ; that by the particles being thus arranged 
in linear directions like chevaux de frise^ interstitial 
spaces are left, containing matter of less density, 
80 that the specific density of the whole mass is 
diminished. 

We cannot examine piecemeal the ultimate struc- 
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turc of matter, but, in addition to the fact that the 
bodies which evince this peculiarity are bodies 
which, when solidified, exhibit a very marked crys- 
talline character, there are experiments which 
show that water between the point of maximum 
density and its point of solidification polarizes 
light circularly ; showing, if these experiments be 
correct, a structural alteration in water, and one 
analogous to that possessed by certain crystalline 
solids, and to that possessed by water itself, where 
it is forcibly made to assume a polarized condition 
by the influence of magnetism. 

The accuracy of these results has, however, been 
doubted, and the experiments have not succeeded 
when repeated by very experienced hands. Whe- 
ther this be so or not, and whether the above ex- 
planation of the exception to the otherwise invari- 
able effect of expansion by heat be or be not re- 
garded as admissible, must be left to the judgment 
of each individual who thinks upon the subject ; at 
all events, no theory of heat yet proposed removes 
the difficulty, and therefore it equally opposes every 
other view of the phenomena of heat, as it does 
that which I have here considered, and which re- 
gards heat as communicable expansive force. 

As certain bodies expand in freezing, and indeed, 
under some circumstances, before they arrive at 
the temperature at which they solidify, we get the 
apparent anomaly that the motion or mechanical 
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force generated by heat or change of temperature 
is reversed in direction when we arrive at the point 
of change from the solid to the liquid state. Thus 
a piece of ice at the temperature of Zero, Fahren- 
heit, would expand by heat, and produce a me- 
chanical force by such expansion untU it arrives at 
32 ^ ; but then by an incranent of heat it contracts, 
and if the first expansion had moved a piston up- 
wards, the subsequent contraction would bring it 
back to a certain extent, or move it downwards. 
So with water above 40% t. e.j above its point of 
maximum density, a progressive increment of cold 
or decrement of heat would produce contraction to 
a certain poiat, and then expansion or a mechanical 
force in an opposite direction. 

Thus if water in a confined space be gradually 
cooled, the expansion attendant on its cooling as it 
approaches the freezing point would occasion pres- 
sure amongst its particles, and thence tend to anta- 
gonize the force of dilatation produced in them by 
cooling, or to resist their tendency to freeze, while 
conversely, with bodies which contract in freezing, 
the pressure would co-operate with the force pro- 
duced by cold, both tending to approximate the 
particles. Hence we find that it requires a lower 
temperature to freeze water imder pressure than 
when exempt from it, or that the freezing point 
is lowered as the pressure increases for bodies 
which expand in freezing — an effect first predicted 
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by Mr. J. Thompson, and experimentally veri- 
fied by Mr. W. Thompson; while, as shown by M* 
Bunsen, the converse effect takes place with bodies 
which contract in freezing; these solidify at a 
higher temperature in proportion as the pressure is 
greater ; so that we might expect a body of this 
class, which under the ordinary pressure of the air 
is at a temperature just above its freezing point, to 
solidify by being submitted to pressure alone, the 
temperature being kept constant. 

With the exception of the phenomena presented 
by those bodies which expand in freezing and which 
offer difficulties to any theory which has been pro- 
posed, the general phenomena of heat may, I believe, 
be explained upon a purely dynamical view, and 
more satisfactorily than by having recourse to the 
hypothesis of latent matter. Many, however, of the 
phenomena of heat are involved in much mystery, 
particularly those connected with specific heat, or 
that relative proportion of heat which equal weights 
of different bodies require to raise them from a 
given temperature to another given temperature, 
which appear to depend in some way hitherto inex- 
plicable upon the molecular constitution of different 
bodies. 

The view of heat which I have taken, viz., to 
regard it simply as a communicable molecular 
repulsive force, is supported by many of the pheno- 
mena to which the term specific or relative heat is 
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applied ; for example, bodies as they iacrease in 
temperature increase in specific heat. The ratio 
of this increase in specific heat is greater with 
solids than with liquids, although the latter are 
more dilatable ; an effect probably depending upon 
the commencement of fusion. Again, those metals 
whose rate of expansion increases most rapidly 
when they are heated, iacrease most in specific 
heat : and their specific heat is reduced by percus- 
«on, wUeb, b/approri^^g their 'p^ole,, 
makes them specifically more dense. When, how- 
ever, we examine substances of very different 
physical characters, we find that their specific heats 
have no relation to their density or rate of expan- 
sion by heat; their differences of specific heat 
must depend upon their intimate molecular consti- 
tution in a manner accounted for (as far as I am 
aware) by no theory of heat hitherto proposed. 

In the greater number, probably in all solids 
and liquids, the expansion by heat is relatively 
greater as the temperature is higher ; or, pre- 
8cr\ing the view of expansion and contraction, if 
two equal portions of the same substance be juxta- 
posed at different temperatures, the hotter portion 
will contract a little more than the colder will 
expand ; from this fact, viz., that the coefficient 
of expansion increases in a given body -svith the 
temperature, and from other considerations. Dr. 
Wood has argued, with much apparent reason, that 
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the nearer the particles of bodies are to* each 
other, the less they require to move to produce 
a given expansion or contraction in those of another 
body. His mode of reasoning, if I rightly conceive 
it, may be concisely piit as follows: — 

As bodies contract by cold, it is dear that, in a 
given body, the lower the temperature the nearer are 
the particles ; and, as the coefficient of expansion 
increases with the temperature, the lower the tem- 
perature of the substance be, the less the particles 
require to move, or approach to or recede from each 
other, so as to compensate the correlative recession 
or approach of the particles in a hotter portion of 
the same substance, that is, in anotiier portion of the 
same substance in which the particles are more dis- 
tant from each other. The amount of approxima- 
tion or recession of the particles of a body, in otiier 
words, its change of bulk by a given change of tem- 
perature, being thus in a given substance an index 
of the relative proximity of its particles, may it not 
be so of aU bodies? The proposition is very in- 
geniously argued by Dr. Wood, but the argument 
is based upon certain hypotheses as to the sizes and 
distances of atoms, which must be admitted as pos- 
tulates by those who adopt his conclusions. Dr. 
Wood seeks by means of this theory to explain the 
heat produced by chemical combination, and I shall 
endeavour to give a sketch of his mode of reasoning 
when I arrive at that part of my subject. 

K 4 
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Although the comparative effects of specific heat 
may not be satisfactorily explicable by any known 
theory, the absolute eflTect of heat upon each sepa- 
rate substance is simply expansion, but when bodies 
differing in their physical characters are used, the 
rate of expansion varies, if measured by the corre- 
lative contractions exhibited by the substances 
producing it. Though I am obliged, in order to 
be intelligible, to talk of heat as an entity, and of 
its conduction, radiation, &c., yet these expressions 
are, in fact, inconsistent with the dynamic theory 
which regards heat as motion and nothing^ else ; 
thus conduction would be simply a progressive di- 
latation or motion of the particles of the conducting 
substance, radiation an undulation or motion of the 
particles of the medium through which the heat is 
said to be transmitted, &c. ; and it is a strong argu- 
ment in favour of this theory ,that for every diversity 
in the physical character of bodies, and for every 
change in the structure and arrangement of parti- 
cles of the same body, a change is apparent in the 
thermal effects. Thus gold conducts heat, or trans- 
mits the motion called heat, more readily than 
copper, copper than iron, iron than lead, and lead 
than porcelain, &c. 

So when the structure of a substance is not 
homogeneous, we have a change in the conduction 
of different parts dependent upon the structure. 
This is beautifully shown with bodies whose struc- 
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ture is symmetrically arranged, as in crystals. 
Senarmont has shown that crystals conduct heat 
differently in different directions with reference to 
the axis of symmetry but definitely in definite 
directions. His mode of experimenting is as fol- 
lows. A plate of the crystal is cut in a direction, 
for one set of experiments parallel, and for another 
at right angles to the axis ; a tube of platinum is 
inserted through the centre of the plate, and bent 
at one extremity, so as to be capable of being 
heated by a lamp without the heat which radiates 
from the lamp affecting the crystal ; the surfaces 
or bases of the plate of crystal are covered with 
wax. When the platimmi is heated, the direction of 
the heat conducted by the crystal is made known 
by the melting of the wax, and a curved line is 
visible at the juncture of the solid and liqmd wax. 
This curve, with homogeneous substances, as glass 
or zinc, is a circle ; it is also a circle on plates of 
calc spar cut perpendicular to the axis of symmetry; 
but on plates cut parallel to the axis of symmetry, 
and having their plane perpendicular to one of the 
faces of the primitive rhombohedron, the curves 
are well-defined ellipses having their longer axes 
in the direction of the axis of symmetry, showing 
that this axis is a direction of greater conductibility. 
From experiments of this character the inference is 
drawn, that ^^ in media constituted like crystals of 
the rhombohedral system, the conducting power 
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varies in such a manner, that, supposing a centre 
of heat to exist within them, and the medium to 
be indefinitely extended in all directions, the iso- 
thermal surfjEu^es are concentric ellipsoids of revo- 
lution round the axis of Sjrmmetry, or at least 
surfaces differing but little there&om.'' 

Knoblauch has further shown, that radiant heat 
is absorbed in different degrees, according as its 
direction is parallel or perpendicular to the axis of 
acrystaL 

If we select a substance of a different but also 
of a definite structure, such as wood, we find that 
heat progresses through it with more or less rapi- 
dity, according to its direction with reference to 
the fibre of the wood : thus DecandoUe and Do la 
Rive found that the conduction was better in a 
direction parallel to the fibre than in one trans- 
verse to it ; and Dr. Tyndall has added the fact, 
that the conduction is better in a direction trans- 
verse to the fibre and layers of the wood than when 
transverse to the fibre but parallel to the layers, 
though in both these directions the conduction is 
inferior to that following the direction of the fibre. 
Thus in the three possible directions in which 
the structure of wood may be contemplated, we 
have three different degrees of progression for 
heat. 

In the above examples we see, as we shall see 
further on with reference to all the so-called ira- 
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ponderables, that the phenomena depend upon the 
molecular structure of the matter affected; and 
although these facts are not absolutely inconeostent 
with the theory which supposes them to be fluids 
or entities, it will, I think, be found to be far more 
consistent mth that which views them as motion. 
Heat, which we are at present considering, cannot 
be insulated : we cannot remove the heat from a 
substance and retain it as heat, we can only trans- 
mit it to another substance, either as heat or as 
some other mode of force. "We only know certain 
changes of nmtter, for which changes heat is a 
generic name ; the thing heat is unknown. 

Heat having been shown to be a force capable of 
producing motion^ and motion to be capable of pro- 
ducing the other modes of force, it necessarily fol- 
lows that heat is capable, mediately, of producing 
them: I will, therefore, content myself with in- 
quiring how far heat is capable of immediatdy 
producing the other modes of force. It will imme- 
diately produce electricity^ as shown in the beautiful 
experiments of Seebeck, one of which I have already 
cited, which experiments proved, that when dis- 
similar metals are made to touch, or are soldered 
together and heated at the point of * contact, a 
current of electricity flows through the metals 
having a definite direction according to the metals 
employed, which current continues as long as aa 
increasing temperature is gradually pervading the 
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metals, ceases when the temperature is stationary, 
and flows in the contrary direction with the decre- 
ment of temperature. 

Another class of phenomena which have been 
generally attributed to the effects of radiant heat, 
and to which, from this belief, the term thermo- 
graphy has been applied, may also, in their turn, 
be made to exhibit electrical effects — effects here 
of Franklinic or static electricity, as Seebeck's 
experiments showed effects of voltaic or dynamic 
electricity. 

If polbhed discs of dissimilar metals — say, zinc 
and copper, — be brought into close proximity, and 
kept there for some time, and either of them has 
irregularities upon its surface, a superficial outline 
of these irregularities is traceable upon the other 
disc, and vice versd. Many theories have been 
framed to account for this phenomenon, but whe- 
ther it be due or not to thermic radiations, the 
relative temperature of the discs, their relative 
capacities and conducting and radiating powers for 
heat, imdoubtedly influence the phenomena. 

Now, if two such discs in close proximity be 
connected with a delicate electroscope, and then 
suddenly separated, the electroscope is affected, 
showing that the reciprocal radiation from surface 
to surface has produced electrical force. I cite 
this experiment in treating of heat as an initial 
force, because at present the probabilities are in 
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favour of thermic radiation producing the pheno- 
menon. The origin of these so-called thermographic 
effects is, however, a question open to much doubt, 
and needs much further experiment. When I first 
published the experiment which showed that the 
mere approximation of metallic discs would give 
rise to electrical effects, I mentioned that I con- 
sidered the fact of the superficial change upon the 
surface of metals in proximity, and, hfortiorij in 
contact, would explain the development of dec- 
tricity in Volta's original contact experiment, with- 
out having recourse to the contact theory, t. e. a 
theory which supposes a force to be produced by 
mere contact of dissimilar metals without any 
molecular or chemical change. I have seen nothing 
to alter this view. Mr. Grassiot has repeated and 
verified my experiment with more delicate appa- 
ratus and under more unexceptionable drcum- 
stances ; and without saying that radiant heat is 
the initial force in this case, we have evidence, by 
the superficial change which takes place in bodies 
closely approximated, that some molecular change 
is taking place, some force is called into action by 
their proximity, which .produces changes in matter 
as it expends, or rather transmits itself; and, 
therefore, is not a force without molecular change, 
as the supposed contact force would be. The force 
in this, as in all other cases, is not created, but de- 
veloped by the action of matter on matter, and not 
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annihilated, as it is shown by this experiment to be 
convertible into another mode of force. 

To say that heat will produce light^ is to assert a 
fact apparently familiar to every one, but there 
may be some reason to doubt whether the expres- 
sion to produce light is correct in this particular 
application ; the relation between heat and light is 
not analogous to the correlation between these and 
the other four affections of matter. Heat and light 
appear to be rather modifications of the same force 
than distinct forces mutually dependent. The 
modes of action of radiant heat and of light are so 
similar, both being subject to the same laws of re- 
flection, refraction, double refraction, and polariza- 
tion, that their difference appears to exist more in 
the manner in which they affect our senses, than in 
our mental conception of them. 

The experiments of Mdloni, which have mainly 
contributed to demonstrate this close analogy of 
heat and light, afford a beautiful instance of the 
assistance which the progress of one branch of 
physical science renders to that of another. The 
discoveries of (Ersted and Seebeck led to the con- 
struction of an instrument for measuring tempera- 
ture, incomparably more delicate than any pre- 
viously kno^vn. To distinguish it from the ordinary 
thermometer, this instrument is called the thermo- 
multiplier. It consists of a series of small bars of 
bismuth and antimony, forming one zigzag chain 
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of alternations arranged parallel to each other, in 
the shape of a cylinder or prism; so that the 
points of junction, which are soldered, shall he all 
exposed at the hases of the cylinder : the two ex- 
tremities of this series are miited to a Galvanome- 
ter, — that is, a flat coil of wire surrounding a 
freely-suspended magnetic needle, the direction of 
which is parallel to the convolutions of the wire. 
When radiant heat impinges upon the soldered 
ends of the multiplier, a thermo-electric current is 
induced in each pair; and, as all these currents 
tend to circulate in the same direction, the energy 
of the whole is increased hy the co-operating forces : 
this current, traversing the helix of the galvanome- 
ter, deflects the needle from parallelism hy virtue 
of the electro-magnetic tangential force, and the 
degree of this deflection serves as the index of the 
temperature. 

Bodies examined hy these means show a remark- 
able difference between their transcalescence, or 
power of transmitting heat, and their transparency : 
thus, perfectly transparent alum arrests more heat 
than quartz so dark coloured as to be opaque ; and 
alum coupled with green glass Melloni found was 
capable of transmitting a beam of brilliant light, 
while, with the most delicate thermoscope, he could 
detect no indications of transmitted heat : on the 
other hand, rock-salt, the most transcalescent body 
known, may be covered with soot until perfectly 
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opaque^ and yet be found capable of transmitting a 
considerable quantity of heat. Radiant heat, when 
transmitted through a prism of rock-salt,^ is found 
to be unequally refracted, as is the case with light ; 
and the rays of heat thus elongated into what is, 
for the sake of analogy, called a spectrum, are foimd 
to possess similar properties to the primary or co- 
loured rays of light. Thus rock-salt is to heat what 
colourless glass is to light ; it transmits heat of all 
degrees of refrangibility : alum is to heat as red 
glass to light ; it transmits the least, and stops the 
most refiramgible rays ; and rock-salt covered with 
soot represents blue glass, transmitting the most, 
and stopping the least refrangible rays. 

Certain bodies, again, reflect heat of different 
refrangibility : thus paper, snow, and lime, although 
perfectly white, — that is, reflecting light of all 
degrees of refrangibility, reflect heat only of certain 
degrees ; while metals, which are coloured bodies, 
— that is, bodies which reflect light only of certain 
degrees of refrangibility, reflect heat of all degrees. 
Radiant heat incident upon substances which 
doubly refract light is doubly refracted j and the 
emergent rays are polarised in planes at right 
angles to each other, as is the case with light. 
Thus, the phenomena of light are imitated closely 
by those of radiant heat ; and the same theory 
which is considered most plausibly to account for 
the phenomena of the one, will necessarily be ap- 
plied to the other agent. 
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In certain cases heat appears to become partially 
converted into light, by changing the matter 
affected by heat : thus gas may be heated to a very 
high point without producing light, or producing 
it to a very slight degree ; but the introduction of 
solid matter — for instance, the metal platinimi 
into the highly heated gas — instantly exhibits 
light. Whether the heat is converted into light,, 
or whether it is concentrated and increased in in-> 
tensity by the solid matter so as to become visible, 
may be open to some doubt : the fact of solid 
matter, when ignited by the oxyhydrogen jet de« 
composing water, as will be presently explained, 
would seem to indicate that the heat was rendered 
more intense by condensation in the solid matter, as 
water is in this case decomposed by a heated body, 
which body has itself been heated by the combining 
elements of water. The apparent effect, however,, 
of the introduction of solid incombustible matter 
into heated gas, is a conversion of heat into light. 

There is another method by which heat would 
probably be made to produce luminous effects, 
though I am not aware that the experiment has 
ever been made. 

If we concentrate into a focus by a large lens a 
dim light, we increase the intensity of the light* 
Now if a heated body be taken, which, to the un- 
assisted eye, has just ceased to be visible, it seems 
probable that by collecting and condensing by a 

F 
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lens the different rays which have so ceased to be 
visible, light would reappear at the focus. The 
experiment is, for reasons obvious to those ac- 
quainted with optics, a difficult one, and, to be con- 
clusive, should be made on a large scale and with 
a very perfect lens of large diameter and short 
focus. I have obtained an approximation to the 
result in the following manner. In a dark room a 
platinum wire is brought just to the point of 
visible ignition by a constant voltaic battery ; it is 
then viewed, at a short distance, through an opera- 
glass of large aperture applied to one eye, the other 
being kept open. The wire will be distinctly 
visible to that eye which regards it through the 
opera-glass, and at the same time totally invisible 
to the other and naked eye. It may be said with 
some justice that such experiments prove little 
more than the fact already known, viz., that by 
increasing the intensity of heat, light is produced ; 
they however exhibit this effect in a more striking 
form as bearing on the relations of heat and light. 
With regard to chemical affinity and magnetism^ 
perhaps the only method by which in strictness the 
force of heat may be said to produce them is 
through the medium of electricity, the thermo- 
electrical current, produced, as before described, 
by heating dissimilar metals, being capable of de- 
flecting the magnet, of magnetising iron, and exhi 
biting the other magnetic effects, and also of 
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forming and decomposing chemical compounds, 
and this in proportion to the progression of heat : 
this has not, indeed, as yet been proved to bear a 
measurable quantitative relation to the other forces 
thus produced by it, because so little of the heat is 
utilised or converted into electricity, much being 
dissipated, without change, in the form of heat. 

Heat, however, directly affects and modifies both 
the magnet and chemical compounds ; the union of 
certain chemical substances is induced by heat, as, 
for instance, the formation of water by the union 
of oxygen and hydrogen gases : in other cases this 
union is facilitated by heat, and in many instances, 
as in ammonia and its salts, it is weakened or an- 
tagonised. In many of these cases, however, the 
force of heat seems more a determining than a 
producing influence ; yet to be this, it must have 
an immediate relation with the force whose re- 
action it determines : thus, although gunpowder, 
touched with an ignited wire, subsequently carries 
on its own combustion or chemical combination, 
independently of the original source of heat, yet 
the chemical affinities of the first portion touched 
must be exalted by, and at the cost of, the heat of 
the wire; for to disturb even an unstable equili- 
brium requires a force in direct relation with those 
which maintain equilibrium. 

Since the first edition of this essay was published, 
I have communicated to the Royal Society some 
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experiments by which an important exception to 
the general effect of heat on chemical affinity is 
removed, and the results of which induce a hope 
that a generalised relation will ultimately be 
established between heat, chemical affinity, and 
physical attraction. I find that if a substaace 
capable of supporting an intense heat, and in- 
capable of being acted upon by water or either of 
its dements, — such, for instance, as platinum, or 
iridium, — be raised to a high point of ignition 
and then immersed in water, bubbles of permanent 
gas ascend from it, which on examination are 
found t6 consist of mixed oxygen and hydrogen in 
the proportions in which they form water. The 
temperature at which this is effected is, according 
to Dr. Robinson, who has since written a valuable 
paper on the subject, = 2386^. , Now when mixed 
oxygen and hydrogen are exposed to a temperature 
of about 800*, they combine and form water ; heat 
therefore appears to act differently upon these ele- 
ments according to its intensity, in one case pro- 
ducing composition, in the other decomposition. 
No satisfactory means of reconciling this apparent 
anomaly have been pointed out : the best approxi- 
mation to a theory which I can frame is by as- 
suming that the constituent molecules of water 
are, below a certain temperature, in a state of 
stable equilibrium ; that the molecules of mixed or 
oxyhydrogen gas are, above a certain temperature, 
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also in a state of stable equilibrium, but of an op- 
posite character; while below this latter tempera- 
ture the molecules of mixed gas are in a state of 
unstable equilibrium, somewhat similar to that 
of the fulminates or similar bodies, in which a 
slight derangement subverts the nicely balanced 
forces. 

If, for instance, we suppose four molecules, 
A, B, C, D, to be in a balanced state of equilibrium 
between attracting and repelling forces, the ap- 
plication of a repulsive force between B and 0, 
though it may still further separate B and C, will 
approximate B to A and C to D, and may bring 
them respectively within the range of attractive 
force; or, supposing the repulsive force to be in 
the centre of an indefinite sphere of particles, all 
these, excepting those immediately acted on by 
the force, will be approximated, and having from 
attraction assumed a state of stable equilibrium, 
they will retain this, because the repulsive force 
divided by the mass is not capable of overcoming 
it. But if the repulsive force be increased in 
quantity and of su&cient intensity, then the at- 
tractive force of all the molecules may be over- 
come, and decomposition ensue. Thus, water or 
steam below a certain temperature, and mixed gas 
above a certain temperature, may be supposed to 
be in the state of stable equilibriimi, whilst below 
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70 COBRELATION OF PHYSICAL FORCES. 

this limiting temperature, the equilibrium of oxy- 
hjdrogen gas is unstable. 

This, it must be confessed, is but a crude mode 
of explaining the phenomena, and requires the as- 
sumption, that the particles of a gas exercise an 
attraction for each other as do the particles of a 
soUd, though diflFerent in degree, perhaps in kind. 
Whether this be so or not, there can be no doubt 
that both gases and solids expand or contract ac- 
cording to the inverse contraction or expansion of 
other neighbouring bodies, and so far resemble 
each other in their relations to heat and cold. The 
extent to which such expansion or contraction can 
be carried, seems to be limited only by the correla- 
tive state of other bodies j these, again, by others, 
and so on, as far as we may judge, throughout the 
imiverse. 

Adopting the explanation above given of the 
decomposition of water by heat, heat would have 
the same relation to chemical affinity as it has to 
physical attraction ; its immediate tendency is an- 
tagonistic to both, and it is only by a secondary 
action that chemical affinity is apparently pro- 
moted by heat. This view would explam how 
heat may promote changes of the equilibrium of 
chemical affinity among mixed compound sub- 
stances, by decomposing certain compounds and 
separating elementary constituents whose affinity 
is greater, when they are brought within the 
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sphere of attraction for the substance with which 
they are mixed, than for those with which they 
were originally chemically united ; thus an intense 
heat being applied to a mixture of chlorine and 
the vapour of water, occasions the production of 
muriatic acid, liberating oxygen. 

Carrying out this view, it would appear that a 
sufficient intensity of heat might yield indefinite 
powers of decomposition ; and there seems some 
probability of bodies now supposed to be elemen- 
tary, being decomposed or resolved into further 
elements by the application of heat of sufficient in- 
tensity ; or, reasoning conversely, it may fairly be 
anticipated that bodies, which will not enter into 
combination at a certain temperature, will enter 
into combination if their temperature be lowered, 
and that thus new compounds may be formed by a 
proper disposition of their constituents when ex- 
posed to an extremely low temperature, and the 
more so if compression be also employed. 

In considering the effect of heat as a mechanical 
force, it would be expected, h priori^ and inde- 
pendently of any theory of heat which may be 
adopted, that a given amount of heat acting on a 
given material must produce a given amount of 
motive power ; and the next question which occurs 
to the mind is, whether the same amount of heat 
would produce the same amount of mechanical 
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power, whatever be the material acted on or 
affected by the heat. I will endeavour to reason 
this out on the view of heat which I have advo- 
cated. Heat has been considered in this essay as 
itself motion or mechanical power, and quantity of 
heat as measured by motion. Thus, if by a ^ven 
contraction of a body (say mercury) air within a 
cylinder having a moveable piston be expanded, 
the piston moves, and in this case the expansion or 
motion of the material (say iron) of the cylinder 
itself and of the idr surrounding it is commonly 
neglected. As the idr dilates it becomes colder; 
in other words, by undergoing expansion itself it 
loses its power of making neighbouring bodies ex- 
pand ; but if the piston be forcibly kept down, the 
expansive power due to the mercury continues to 
communicate itself to the iron and to the surroimd- 
ing air, which become hotter than they would if 
the piston had given way. 

Now, in the above case, if the air be confined 
and its volume unchanged, will the expansion of 
the iron, assuming that it can be utilised, produce 
an exactly equivalent mechanical effect to that 
which the expansion of the air would produce if 
the heat be entirely confined to it ? 

Assuming that (with the exception of bodies 
which expand in freezing, where, through a limited 
range of temperature, the converse effects obtain) 
whenever a body is compressed it is heated, i. e. 
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it expands neighbouring substances ; whenever it is 
dilated or increased in volume it is cooled, i. e. it 
contracts neighbouring substances, — ^the conclusion 
appears to me inevitable that the mechanical power 
produced by heat will be definite, or the same for 
a given amount and intensity of heat, whatever be 
the substance acted on. 

Thus, let A be a definite source of heat, say a 
pound of mercury at the temperature of 400* ; let 
B be another equal and similar source of heat*: 
suppose A be employed to raise a piston by the di- 
latation of air, and B to raise another piston by the 
dilatation of the vapour of water. Imagine the 
pistons attached to a beam, so that they oppose each 
other's action, and thus represent a sort of calorific 
balance. If A being applied to air could conquer 
B, which is applied to water, it would depress or 
throw back the piston of the latter, and, by com- 
pressing the vapour, occasion an increase of tempera- 
ture ; this, in its turn, would raise the temperature 
of the source of heat, so that we should have the 
anomaly that a pound of mercury at 400* could 
heat another pound of mercury at 400* to 401* or 
to some point higher than its original temperature, 
and this without any adventitious aid : it will be 
obvious that this is impossible, at least contradic- 
tory to the whole range of our experience. 

Practically, however, it is very difficult to realise 
this : it would be next to impossible to construct a 
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machine which should act by the expansion and 
contraction of a bar of iron, and produce a power 
equal to that of a steam engine, supplied with an 
equal quantity of heat. 

Camot, who wrote in 1824 an essay on the 
motive power of heat, regarded the motion or 
mechanical power produced by heat as resulting 
from a transfer of heat from one point to another, 
without any ultimate loss of heat. Thus in the 
action of an ordinary steam engine, the heat from 
the furnace, having expanded the water of the 
boiler and raised the piston, a mechanical motion 
is produced ; but this cannot be continued without 
the removal of the heat, or the contraction of, the 
expanded water. This is done by the condenser, and 
the piston descends. But then we have in fact 
transferred the heat from the furnace to the con- 
denser, ^nd in the transfer effected mechanical 
motion. Whether mechanical motion produced by 
heat be viewed as the effect of the transfer of heat, 
or as a conversion of heat into motion, is perhaps 
more a question of terms than of reality. If a 
definite quantity of air be heated it is expanded, 
and by its expansion it cools or loses some of its 
power of communicating heat to neighbouring 
bodies. That which we should have called heat if 
the expansion of the air had been prevented, we 
call mechanical effect, or may view as converted 
into mechanical effect ceasing to be heat; but. 
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throwing out of the question nervous sensation, 
this expansion or mechanical effect is all the evi- 
dence we have of heat, for if the air is allowed to 
expand freely, this expansion becomes the index 
of the heat ; if the air be confined, the expansion of 
the matter of the vessel confining it, or of the 
mercury of a thermometer in contact with it, &c., 
are the indices of the heat. 

If, again, the air which has been expanded be, 
by mechanical pressure or by other means, restored 
to its original bulk, it is capable of heating or ex- 
panding other substances to a degree to which it 
would not be equal, if it had remained in its ex- 
panded state. To produce continuous motion, or 
the up and down stroke of a piston, we must heat 
and cool, just as with a magnetic machine we 
must magnetise and demagnetise in order to pro- 
duce a continuous or useful mechanical power; 
and, although from the impossibility of insulating 
heat, some heat is apparently lost in the process, 
the result may be said to be effected by the transfer 
of heat from the hot to the cold body, from the 
furnace to the condenser. But we may equally 
weU say that the heat has been converted into 
mechanical force and the mechanical force back 
into heat ; the effects are always correlative, as are 
the mechanical effects of an air pump, with which, 
as we dilate the air on one side, we condense it on 
the other ; and as we cannot dilate without the re- 
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ciprocal condensation, so we cannot heat Tvithout 
the reciprocal cooling, or vice versd. 

Though the expansion of the air, steam, &c. is 
in itself a mechanical effect, yet to raise a piston 
we must have an excess of power beyond that 
which would produce the measure of expansion 
actually produced, and equal to the mechanical 
power required. Thus to raise a piston, whose re- 
sistance is equal to 2 lbs., would require twice the 
elastic force of air which would be required to 
rsdse to the same height a piston whose resistance 
equalled 1 lb. 

In treating of motion, we have seen that a cer- 
taia amount of heat is produced by a certain 
mechanical action, and that this has been measured 
for several cases in the experiments of Mr. Joule. 
I am not aware that the converse proposition, or 
the amount of mechanical work which is produced 
by a given quantity of heat, has been directly esta- 
blished by experiment, though some approximative 
results in particular cases have been given. Theo- 
retically it should be the same, — that is to say, if a 
fall of 772 lbs. through a space of one foot will ndse 
the temperature of 1 lb. of water through one degree 
of Fahrenheit, then the fall in the temperature of 
1 lb. of water through one degree of Fahrenheit 
should be equal to raise 772 lbs. through a 
space of one foot, — a result which certainly at 
first sight looks startling. I have endeavoured 
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to give a proof (by showing the anomaly to which 
the contrary conclusion would lead) that, what* 
ever amount of mechanical power is produced by 
one mode of application of heat should, in theory, 
be equally produced by any other mode. But in 
practice the difference is immense ; and therefore 
it becomes a question of great interest practically 
to ascertain what is the most convenient medium 
on which to apply the heat employed, and the best 
machinery for economising it. Without discussing 
the various inventions and theories on this subject, 
which are daily receiving increased development, it 
may be well to point out how far nature distances 
art in its present state. According to some care* 
ful estimates, the most economical of our furnaces 
consume from ten to twenty times as much fuel to 
produce the same quantity of heat as an animal 
produces ; and Matteucci found that, from a given 
consumption of zinc in a voltaic battery, a far 
greater mechanical effect could be produced by 
making it act on the limbs of a recently killed firog, 
notmthstanding the manifold defects of such an 
arrangement and its inferiority to the action of 
the living animal, than when the same battery was 
made to produce mechanical power, by acting on 
an electro-magnetic or other artificial motor appa* 
ratus. The ratio in his experiments was nearly six 
to one. Thus in all our artificial combinations we 
can but apply natural forces, and with far inferior 
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mechanism to that which is perceptible in the eco- 
nomy of nature. 

** Nature is made better bj no mean; 
Bnt nature makes that mean ; so o*er that art» 
Which (we) saj adds to nature^ is an art 
That nature makes.'* 

A speculation has recently been thrown out by 
Mr. Thompson, that, as a certain amount of heat 
results from mechanical action, chemical action, &c., 
and this heat is radiated into space, there must be 
a gradual diminution of temperature for the earth, 
by which expenditure, however slow, being con- 
tinuous, it would ultimately be cooled to a degree 
incompatible with the existence of animal and 
vegetable life — in short, that the earth and the 
planets of our system are parting with more heat 
than they receive, and are therefore progressively 
cooling. Geological researches support to some 
extent this view, as they show that the climate of 
many portions of the terrestrial surface was at 
remote periods hotter than at the present time : the 
animals whose fossilised remains are found in 
ancient strata have their organism adapted to 
what we should now term a hot climate. There are, 
however, so many circumstances of difficulty at- 
tending cosmical speculations;, that but little reli- 
ance can be placed upon the most profound. We 
know not the original source of terrestrial heat, 
still less that of solar heat ; we know not whether 
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or not systems of planets may be so constituted as 
to communicate forces, inter se, so that forces 
which have hitherto escaped detection may be in a 
continuous or recurring state of interchange. 

The movements produced by mutual gravitation 
may be the means of calling into existence mole- 
cular forces within the substances of the planets 
themselves. As neither from observatioUi nor 
from deduction, can we fix or conjecture any 
boundary to the universe of stellar orbs, as each 
advance in telescopic power gives us a new shell, 
so to speak, of stars, we may regard our globe, in 
the limit, as surrounded by a sphere of matter radi- 
ating heat, light, and possibly other forces. 

Such stellar radiations would not, from the evi- 
dence we have at present, appear sufficient to 
supply the loss of heat by terrestrial radiation ; but 
it is quite conceivable that the whole solar system 
may pass through portions of space having differ- 
ent temperatures, as was suggested, I believe, by 
Poisson ; that as we have a terrestrial summer and 
winter, so there may be a solar or systematic 
summer and winter, in which case the heat lost 
during the latter period would be restored during 
the former. The amount of the radiations of the 
celestial bodies may again, from changes in their 
positions, vary through epochs which are of enor- 
mous duration as regards the existence of the 
human species. . 
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The views of Mr. Thompson diflFer essentially 
from those of Laplace, recently enforced by M. 
Babinet, which suppose the planets to have been 
formed by a gradual condensation of nebulous 
matter. A modification of this view might, per- 
haps, be suggested, viz., that worlds or systems, 
instead of being created as wholes at definite 
periods, are gradually changing by atmospheric 
additions or subtractions, or by accretions or dimi- 
nutions arising firom nebulous substance or from 
meteoric bodies, so that no star or planet could at 
any time be said to be created or destroyed, or to 
be in a state of absolute stability, but that some 
may be increasmg, others dwmdUng away, and so 
throughout the universe, in the past as in the 
future. When questions relating to cosmogony, 
or to the beginning or end of worlds, are con- 
templated from a physical point of view, the period 
of time over which our experience, in its most en- 
larged sense, extends, is so indefinitely minute with 
reference to that which must be required for any 
notable change, even in our own planet, that a 
variety of theories may be framed equally inca* 
pable of proof or of disproof. We have no means of 
ascertaining whether many changes, which endure 
in the same direction for a term beyond the range 
of human experience, are really continuous or only 
secular variations, which may be compensated for 
at periods far beyond our ken, so that in such cases 
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the question of stability or change can at best bd 
only answered as to a term which, though enor- 
mous with reference to our computations, sinks 
into nothing with reference to cosmical time, if 
cosmical time be not eternity. Subjects such as 
these, though of a kind on which the mind delights 
to speculate, appear, with reference to any hope of 
attaining reliable knowledge, far beyond the reach 
of any present or immediately prospective capa- 
city of man. 

Electricity is that aflFection of matter or mode of 
force which most distinctiy and beautifully relates 
other modes of force, and exhibits, to a great extent 
in a quantitative form, its own relation with them, 
and their reciprocal relations with it and with each 
other. From the manner in which the peculiar 
force called electricity is seemingly transmitted 
through certain bodies, such as metallic wires, the 
tenn current is commonly used to denote its appa- 
rent progress. It is very difficult to present to the 
mind any theory which will give a definite concep- 
tion of its modus agendi : the early theories regard 
its phenomena as produced either by a single fluid 
idio-repulsive, but attractive of all matter, or else 
as produced by two fluids, each idio-repulsive but 
attractive of the other. No substantive theory has 
been proposed other than these two ; but although 
this is the case, I think I shall not be unsupported 
by many who have attentively studied electrical 

o 
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phenomena, in viewing them as resulting, not fiom 
the action of a fluid or fluids, but as a molecular 
polarisation of ordinary matter, or as matter acting 
by attraction and repulsion in a definite direction. 
Thus, the transmission of the voltaic current in 
liquids is viewed by Grotthus as a series of chemical 
afiinities acting in a definite direction : for instance, 
in the electrolysis of water, t. e. its decomposition 
when placed between the poles or electrodes of a 
voltaic battery, a molecule of oxygen is supposed 
to be displaced by the exalted attraction of the 
neighbouring electrode ; the hydrogen liberated by 
this displacement unites with the oxygen of the 
contiguous molecule of water ; this in turn liber- 
ates its hydrogen, and so on; the current being 
nothing else than this molecular transmission of 
chemical affinity. 

There is strong reason for believing that, with 
some exceptions such as fused metals, liquids do 
not conduct electricity without undergoing decom- 
position ; for even in those extreme cases where a 
trifling effect of conduction is apparently produced 
without the usual elimination of substances at the 
electrodes, the latter when detached from the 
circuit, show by the counter-current which they 
are capable of producing when immersed in a fresh 
liquid, that their superficial state has been changed, 
doubtless by the determination to the surfaces of 
minute layers of substances having opposite che- 
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mical characters. The question whether or not a 
minute conduction in liquids can take place unac- 
companied by chemical action, has however, been 
lately much agitated, and may be regarded as inter 
apices of the science* 

Assuming for the moment electrolysis to be 
the only known electrical phenomenon, electricity 
would appear to consist in transmitted chemical 
action. All the evidence we have is, that a certain 
affection of matter or chemical change takes place 
at certain distant; points of space, the change at 
one point having a definite relation to the change 
at the other. 

If, now, the electrical effect called induction be 
examined, the phenomena will be foimd equally 
opposed to the theory of a fluid, and consistent 
with that of molecular polarisation. When an 
electrified conductor is brought near another which 
is not electrified, the latter becomes electrified by 
influence or induction as it is termed, the nearest 
parts of each of these two bodies exhibiting states 
of electricity of the contrary denominations. Until 
this subject was investigated by Faraday, the in- 
tervening non-conducting body or dielectric was 
supposed to be purely negative, and the effect was 
attributed to the repulsion at a distance of the 
electrical fluid. Faraday showed that these effects 
differed greatly according to the dielectric that 

was interposed. Thus they were more exalted ^th 

o s 



84 CORRELATION OF PHYSICAL FORCES. 

sulphur than with shellac; more with shellac 
than with glass &c. Matteucci| though differing 
from Faraday as to the explanation he gave, added 
some experiments which prove that the intervening 
dielectric is molecularly polarised. Thus a number 
of thin plates of mica are superposed like a pack 
of cards; metallic plates are applied to the outer 
facings, and one of them electrified, so that the ap- 
paratus is charged like a Leyden phial. Upon 
separating the plates with insulating handles, each 
plate is separately electrified, one side of it being 
positive and the other negative, showing very 
neatly and decisively a polarisation throughout the 
intervening substances by the effect of induction. 

If, again, we examine the electricity of the at* 
mosphere, when, as is usually the case, it is positive 
with respect to that of the earth, we find that each 
successive stratum is positive to those below it and 
negative to those above it; and the converse is the 
case when the electricity of the atmosphere is ne- 
gative with respect to that of the earth. 

If another electrical phenomenon be selected, 
another sort of change will be found to have taken 
place. The electric spark, the brush, and similar 
phenomena, the old theories regarded as actual 
emanations of the matter or fluid, Electricity ; I 
venture to regard them as produced by an emission 
of the material itself from whence they issue, and a 
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molecular action of the gas or intermedium, through 
or across which they are transmitted. 

The colour of the electric spark, or of the voltaic 
arc (t. e. the flame which plays between the ter- 
minal points of a powerful voltiuc battery), is de- 
pendent upon the substance of the metal, subject 
to certain modifications of the intermedium : thus, 
the electric spark or arc from zinc is blue; from 
silver, green ; from iron, red and scintillating ; pre- 
cisely the colours afibrded by these metals in their 
ordk^ry combustion. A portion of the met.1 U <U«, 
found Zu aetuaUy trJLitted wifl. every electric 
or voltaic discharjge: in the latter case, indeed, 
where the quantity of matter acted upon is greater 
than in the former, the metallic particles emitted 
by the electrodes or terminals can be readily col- 
lected, tested, or even weighed. It would thus 
appear that the electrical discharge arises, at least 
in part, from an actual repulsion and severance of 
the electrified matter itself, which flies off at the 
points of least resistance. 

A careful examination of the phenomena at- 
tending the electric spark or the voltaic arc, which 
latter is the electric disruptive discharge acting on 
greater portions of matter, tends to modify con- 
siderably our previous idea of the nature of the 
electric force as a producer of ignition and combus- 
tion. The voltaic arc is perhaps, strictly spealdng, 

neither ignition nor combustion. It is not simply 

o s 
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ignition ; because the matter of the terminals is not 
merely brought to a state of incandescence, but is 
physically separated and partially transferred from 
one electrode to another, much of it being dis- 
sipated in a vaporous state. .It is not combustion ; 
for the phenomena will take place independently of 
atmospheric air, oxygen gas, or any of the bodies 
usually called supporters of combustion, combus- 
tion being in fact chemical union attended with 
heat and light. In the voltaic arc we may have no 
chemical union ; for if the experiment be performed 
in an exhausted receiver, or in nitrogen, the sub- 
stance forming the electrodes is condensed, and 
precipitated upon the interior of the vessel in, che- 
mically speaking, an unaltered state. Thus, to take 
a very striking example, if the voltaic discharge be 
taken between zinc terminals in an exhausted re- 
ceiver, a fine black powder of zinc is deposited on 
the sides of the receiver; this can be collected, and 
takes fire readily in the air by being touched with 
a match, or ignited wire, instantly burning into 
white oxide of zinc. To an ordinary observer, the 
zinc would appear to be burned twice, — ^first in the 
receiver, where the phenomenon presents all the 
appearance of combustion, and secondly in the 
real combustion in air. With iron the experiment 
is equally instructive. Iron is volatilised by the 
voltaic arc in nitrogen or in an exhausted receiver; 
and when a scarcely perceptible film has lined the 
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• 
receiver, this is washed with an acid, which then 

gives, with ferrocyanide of potassium, the prus^an- 

blue precipitate. In this case we readily distil iron, 

a metal by ordinary means fusible only at a very 

high temperature. 

Another strong evidence that the voltaic dis- 
charge consists of the material itself of which the 
terminals are composed, is the peculiar rotation 
which is observed in the light when iron is em- 
ployed, the magnetic character of this metal 
causing its molecules to rotate by the influence of 
the voltaic current. 

If we increase the number of reduplications in 
a voltaic series, we increase the length of the arc, 
and also increase its intensity or power of over- 
coming resistance. With a battery consisting of a 
limited number, say 100 reduplications, the dis- 
charge will not pass from one terminal to the other 
without first bringing them into contact, but if we 
increase the number of cells to 400 or 500, the 
discharge will pass from one terminal to the othw 
before they are brought into contact. The differ- 
ence between what is called Franklinic electricity, 
or that produced by an ordinary electrical machine, 
and voltaic electricity, or that produced by the or- 
dinary voltaic battery, is that the former is of 
much greater intensity than the latter, or has a 
greater power of overcoming resistance, but acts 
upon a much smaller quantity of matter. If, then, 

O 4 
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a voltaic battery be formed with a view to increase 
the intensity and lessen the quantity, the character 
of the electrical phenomena approximate those of 
the electrical machine. In order to effect this, the 
sizes of the plates of the battery, and thence the 
quantity of matter acted on in each cell, must be re- 
duced, but the number of reduplications increased* 
Thus if in a battery of 100 pairs of plates each plate 
be divided, and the battery be arranged so as to 
form 200 pairs, each being half the original size, 
the quantitative effects are diminished, and the 
effects of intensity increased. By carrying on this 
sub-division, diminishing the sizes and increasing 
the number, as is the case in the voltaic piles of 
Deluc and Zamboni, effects are ultimately pro- 
duced similar to those of Franklinic electricity, and 
we thus pass from the voltaic, arc to the spark or 
electric discharge. 

This discharge, as I have already stated, has a 
colour depending upon the nature of the terminals 
employed. If these terminals be highly polished, a 
spot will be observed, even in the case of a small 
electric spark, at the points from which the dis- 
charge emanates. The matter of the terminals is 
itself affected ; and a transmission of this matter 
across the intervening space is detected by the 
deposition of minute quantities of the metal or 
substance composing the one upon the other 
^rminaL . 
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If the gas or elastic medium between the ter- 
minals be changed, a change takes place in the 
length or colour of the discharge, showing an 
affection of the intervening matter. If the gas be 
rarefied, the discharge gradually changes with the 
degree of rarefaction, from a spark to a luminous 
glow or diffuse light, differing in colour in dif- 
ferent gases, and capable of extending to a much 
greater distance than when it takes place in air of 
the ordinary density. Thus, in highly attenuated 
air a discharge may be made to pass across six or 
seven feet of space, while in air of the ordinary 
density it would not pass across an inch. An ob- 
server regarding the beautiful phenomena exhibited 
by this electric discharge in attenuated gas, which, 
from some degree of similarity in appearance to 
the Aurora Borealis, has been called the electric 
Aurora, would have some difficulty in believing 
such effects could be due to an action of ordinary 
matter. The amount of gas present is extremely 
small ; and the terminals, to a cursory examination, 
show no change after long experimenting. It is 
therefore not to be wondered at that the first 
observers of this and similar phenomena, regarded 
electricity as in itself something — as a specific 
existence or fluid. Even in this extreme case, 
however, upon a more careful examination we shall 
find that a change does take place, both as regards 
the gas and as regards the terminals. Let one of 
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these consist of a highly polished metal — a silver 
plate is one of the best materials for the purpose, — 
and let the discharges in attenuated atmospheric 
air take place from a point, say a common sewing 
needle, to the surface of the polished silver plate j it 
will be found that this is gradually changed in 
appearance opposite the point, — it is oxidated, and 
gradually more and more corroded as the discharge 
is continued. 

If now the gas be changed, and highly rarefied 
hydrogen be substituted for the rarefied air, all 
other things remaining the same, upon passing the 
discharges as before the oxide will be cleared off 
the plate, and the polish to a great extent restored 
i— -not entirely, because the silver has deen disinte- 
grated by the oxidation, — and the portion which has 
been affected by the discharge will present a some- 
what different appearance from the remainder of 
the plate. 

A question will probably here occur to the 
reader : — What will be the effect if there be not an 
oxidating medium present, and the experiment be 
first perfomed in a rarefied gas, which possesses 
no power Qf chemically acting on the plate ? In 
this case there will still be a molecular change or 
disintegration of the plate ; the portion of it acted 
on by the disharge will present a different appear- 
ance from that which is beyond its reach, and a 
whitish film, somewhat similar to that seen on the 
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mercurialised portions of a daguerreotype, will 
gradually appear on the portion of the plate affected 
by the discharge. If the gas be a compound, as 
carbonic oxide, or a mixture, as oxygen and hydro- 
gen, and consequently contain elements capable 
of producing oxidation and reduction, then the 
effect upon the plate will depend upon whether it be 
positive or negative ; in the former case it will be 
oxidated, in the latter the oxide, if existing, will be 
reduced. This effect will also take place in atmo- 
spheric air, if it be highly rarefied, and can hardly 
be explained otherwise than by a molecular polaris- 
ation of the compound gas. If, again, the metal be 
reduced to a small point, and be of such material 
that the gas cannot act chemically upon it, it can 
yet be shown to be disintegrated by the electric 
spark. Thus, let a fine platinum wire be hermeti- 
cally sealed in a glass tube, and the extremity of 
the tube and the wire ground to a flat surface, so 
as to expose a section only of the wire ; after taking 
the discharge from this for some time, it will be 
found that the platinum wire is worn away, and 
that its termination is sensibly below the level 
of the glass. If the discharges from such a 
platinum wire be taken in gas contained in a 
narrow tube, a cloud or film consisting of a 
deposit of platinum ^vill be seen on the part of 
the tube surrounding the point. 

Another curious effect which I have recently 
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detected in the electrical discharge in attenuated 
media, is that when passing between terminals of 
a certain form, as from a wire' placed at right 
angles to a polished plate, the discharge possesses 
certain phases or fits of an alternate character, so 
that, instead of impressing an uniform mark on a 
polished plate, a series of concentric rings is formed. 

Priestley observed that, after the discharge of a 
Leyden battery, rings consisting of fused globules 
of metal were formed on the terminal plates ; in 
my experiments made in attenuated media, al- 
temate rings of oxidation and deoxidation are 
formed. Thus, if the plate be polished, coloured 
rings of oxide will alternate with rings of polished 
or unoxidated surface ; and if the plate be pre- 
viously coated with an uniform film of oxide, the 
oxide will be removed in concentric spaces, and 
increased in the alternate ones, showing an al- 
ternation of positive and negative electricity, or 
electricity of opposite character in the same dis- 
charge. 

It would be hasty to assert that in no case can 
the electrical disruptive discharge take place with- 
out the terminals being affected. I have, however, 
seen no instance of such a result where the dis- 
charge has been sufficiently prolonged, and the 
terminals in such a state as could be expected to 
render manifest slight changes. 

The next question which would occur in follow- 
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ing out the inquiry which has been indicated, 
would probably be, What is the action upon the 
gas itself ? is this changed in any manner ? 

In answer to this, it must be admitted that, in 
the present state of experimental knowledge on 
this subject, certain gases only appear to leave 
permanent traces of their haying been changed by 
the discharge, while others, if affected by it, which, 
as will be presently seen, there are reasons to 
believe they are, return to their normal state im- 
mediately after the discharge. 

In the former class we may place many com* 
pound gases, as ammonia, olefiant gas, protoxide 
of nitrogen, deutoxide of nitrogen, and others, 
which are decomposed by the action of the dis- 
charge. Mixed gases are also chemically com- 
bined : for instance, oxygen and hydrogen unite 
and form water; common air gives nitric acid; 
chlorine and aqueous vapour give oxygen, the 
chlorine uniting with the hydrogen of the water. 

But, further than this, in the case of certain 
elementary gases a permanent change is effected 
by the electrical discharge. Thus, oxygen sub- 
mitted to the discharge is partially changed into 
the substance caUed ozone, a substance now con- 
sidered to be an allotropic condition of oxygen ; 
and there is reason to believe that, when the 
change takes place, there is a definite polar con- 
dition of the gas, and that definite portions of it 
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are affected, — that in a certain sense one portion 
of the oxygen bears temporarily to the other the 
the relation which hydrogen ordinarily does to 
oxygen. 

If the discharge be passed through the vapour 
of phosphorus in the vacuum of a good air-pump, 
a deposit of allotropic phosphorus soon coats the 
interior of the receiver, showing an analogous 
change to that produced in oxygen ; and in this 
<rase a series of transverse bands or stratifications 
appears in the discharge, showing a most striking 
alteration in its physical character, dependent on 
the medium across which it is transmitted. These 
effects were first observed by me in the year 1852. 
They have since been much examined by con- 
tinental philosophers ; but no satisfactory rationale 
of them has yet been given. , 

There are many gases which either do not show 
any permanent change, or (which is more probably 
the case) the changes produced in them by the 
electrical discharge have not yet been detected. 
Even with these gases, however, the difference of 
colour, of length, or of the different position of a 
certain dark space or spaces which appear in the 
discharge, show that the discharge differs for dif- 
ferent media. We never find that the discharge 
has itself added to or subtracted from the total 
weight of the substances acted on: we find no 
evidence of a fluid but the visible phenomena 
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themselves ; and those we may accoimt for by the 
change which takes place in the matter affected. 

I have here, as elsewhere, used words of common 
acceptation, such as " matter affected by the dis- 
charge," &c., though upon the view I am suggest- 
ing, the discharge is itself this affection of matter; 
and the writing these passages affords, to me at 
least, a striking instance* of how much ideas are 
bound up in words, when, to express a view differ- 
ing £ix)m the received one, words involving the 
received one are necessarily used. 

Passing now to the effect of the transmission of 
electricity by the class of the best conducting 
bodies, such as the metals and carbon, here, though 
we cannot at present give the exact character of 
the motion impressed upon the particles, there are 
yet many experiments which show that a change 
takes place in such substances when they are 
affected by electricity. 

Let discharges from a Leyden jar or battery be 
passed through a platinum wire, too thick to be 
fused by the discharges, and free from constraint, 
it will be found that the wire is shortened j it has 
undergone a molecular change, and apparently 
been acted on by a force transverse to its length. 
If the discharges be continued, it gradually gathers 
up in small irregular bends or convolutions. So 
with voltaic electricity : place a platinum wire in a 
trough of porcelidn, so that when fused it shall 
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retain its position as a wire, and then ignite it hy 
a voltaic battery. As it reaches the point of fusion 
it will snap asunder, showing a contraction in 
length, and consequently a distension or increase 
in its transverse dimensions. Perform the same 
experiment with a lead wire, which can be more 
readily kept in a state of fusion; it will be seen to 
gather up in nodules, which press on each other 
like a string of beads of a soft material which have 
been longitudinally compressed. 

As we increase the thickness of the wires in 
these experiments with reference to the electrical 
force employed, we lessen the perceptible eflTect; 
but even in this case we shall be enabled safely to 
infer that some molecular change accompanies the 
transmission of electricity : the wires are heated in 
a degree decreasing as their thickness increases, — 
but by increasing the delicacy of our tests as the 
heating effects decrease in intensity, we may inde- 
finitely detect the augmentation of temperature 
accompanying the passage of electricity, — and 
wherever there is augmentation of temperature 
there must be expansion or change of position 
of the molecules. 

Again, it has been observed that wires which 
have for a long time transmitted electricity, such 
as those which have served as conductors for at- 
mospheric electricity, have their texture changed, 
and are rendered brittle. In this observation, how- 
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ever, though made by a skilful electrician, M. Pel- 
tier, the effects of exposure to the atmosphere, to 
changes of temperature, &c., have not been suffi- 
ciently eliminated to render it worthy of entire 
confidence. There are, however, other experiments 
which show that the elasticity of metals is changed 
by the passage through them of the electric 
current. 

Thus M. Wertheim has, from an elaborate series 
of experiments, arrived at the conclusion that there 
is a temporary diminution in the coefficient of 
elasticity in wires while they are transmitting the 
electric current, which is independent of the heat- 
ing effect of the current. 

M. Dufour has recently made a considerable 
number of experiments Avith the view of ascertain* 
ing if any permanent change in metals is effected by 
electrisation. He arrives at the curious result that, 
in a copper wire through which a feeble voltaic 
current has passed for several days, a notable 
diminution in tenacity takes place ; while, in an 
iron wire, the tenacity is increased ; and that these 
effects were more perceptible when the wires had 
been electrised for a long time (nineteen days) 
than for a short time (four days). The copper 
wire was, in his experiment, not perfectly pure ; 
so that the effect, or a portion of it, might be due 
to the state of alloy : in the case of iron, the mag-< 
netic character of the metal would probably modify 

H 



98 CORRELATION OF PHYSICAL FORCES. 

the effects, and might account for the opposite 
character of the results wth these two metals. 

Matteucci has made experiments on the con- 
duction of electricity by bismuth in directions 
parallel or transverse to the planes of principal 
cleavage, and he finds that bismuth conducts elec- 
tricity and heat better in the direction of the 
cleavage planes than in that transverse to them. 

The fact that the molecular structure or ar- 
rangement of a body influences — indeed I may say 
deteiinines — its conducting power, is by no means 
explained by the theory of a fluid ; but if electri- 
city be only a transmission of force or motion, the 
influence of the molecular state is just what would 
be expected. Carbon, in a transparent crystalline 
state, as diamond, is as perfect a non-conductor as 
we know; while in an opaque amorphous state, 
as graphite or charcoal, it is one of the best con- 
ductors : thus, in the one state, it transmits light 
and stops electricity, in the other it transmits elec- 
tricity and stops light. 

It is a circumstance worthy of remark, that the 
arrangement of molecules, which renders a solid 
body capable of transmitting light, is most un- 
favourable to its transmission of electricity, trans- 
parent solids being very imperfect conductors of 
electricity ; so all gases readily transmit light, but 
are amongst the worst conductors of electricity. 
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if indeed, properly speaking, thej can be said to 
conduct at all. 

The conduction of electricity by different classes 
of bodies has been generally regarded as a question 
of degree ; thus metals were viewed as perfect con- 
ductors, charcoal less so, water and other liquids 
as imperfect conductors. But, in fact, though 
between one metal and another the mode of trans- 
mission may be the same and the difference one of 
degree, a different molecular effect obtains, when 
we contrast metals with electrolytic liquids and 
these 'with gases. 

Attenuated gases may be, in one sense, regarded 
as non-conductors, in another, as conductors ; thus 
if gold-leaves be made to diverge, by electrical re- 
pulsion, in air at ordinary pressure, they in a 
short time collapse ; while in highly rarefied air, 
or what is commonly termed a vacuum, they 
remain divergent for days ; and yet electricity of a 
certain degree of tension passes readily across 
attenuated air, and with difficulty across air of 
ordinary density. 

Again, where the electrical terminals are brought 
to a state of visible ignition, there are symptoms of 
the transmission of electricity of low tension across 
gases ; but no such effects have been detected at 
lower temperatures. All this presents a strong 
argument in favour of the transmission of electri- 
city across gases being effected by the disruptive 
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discharge, and not by a conduction similar to that 
which takes place with metals or with electrolytes. 
The ordinary attractions and repulsions of elec- 
trified bodies present no more difficulty when re- 
garded as being produced by a change in the state 
or relations of the matter aflfected, than do the 
attractions of the earth by the sun, or of a leaden 
ball by the earth ; the hypothesis of a fluid is not 
considered necessary for the latter, and need not 
be so for the former class of phenomena. How the 
phenomena are produced to which the term at- 
traction is applied is still a mystery. Newton, 
speaking of it, says, " What I call attraction may 
be performed by impulse, or by some other means 
unkno^vn to me. I use that word here to signify 
only in general any force by which bodies tend 
towards one another, whatsoever be the cause." 
If we suppose a fluid to act in attractions and re- 
pulsions, the imponderable fluid must drag or push 
the matter with it ; thus when we feel a stream of 
air rushing from an electrified metallic point, each 
molecule of air contiguous to the point being re- 
pelled, another takes its place, which is in its turn 
repelled ; — how does a hypothetic fluid assist us 
here ? If we say the electrical fluid repels itself, 
or the samie electricity repels itself, we must go 
fiirther and assert, that it not only repels itself, 
but either communicates its repulsive force to the 
particles of the air, or carries vnth it the particle 
of air in its passage. la it not more easy to 
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assume that the particle of air is in such a state 
that the ordinary forces which keep it in equilibrium 
are disturbed by the electrical force, or force in a 
definite direction communicated to it, and that 
thus each particle in turn recedes from the point ? 
As this latter force is increased, not only does the 
particle of air which was contiguous to the metallic 
point recede, but the cohesion of the extreme par- 
ticles of metal may be overcome to such an extent 
that these are detached, and the brush or spark 
taay consist wholly or in part of minute particles 
of the metal itself thrown ofi^. Of this there is 
some evidence, though the point can hardly be 
considered as proved. A similar effect undoubt- 
edly takes place with voltaic electricity, acting 
upon a terminal immersed in a liquid; thus if 
metallic terminals of a powerful voltaic battery be 
immersed in water, metal, or the oxide of metal, is 
forcibly detached, producing great heat at the point 
of disruption. 

If we apply ourselves to the effect of electricity 
in the animal economy, we find that the first 
rationale given of the convulsive effect produced 
by transmission through the living or recently 
killed animal was, that electricity itself, somethino* 
substantive, passed rapidly through the body, and 
gave rise to the contractions; step by step we 
are now arriving at the conviction that conse- 
cutive ' particles of the nerves and muscles are 
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affected. Thus the excitability of a nerve, or its 
power of producing muscular contraction, is weak- 
ened or destroyed by the transmission of electricity 
in one direction, while the excitability is increased 
by the transmission of electricity in the opposite 
direction ; showing that the fibre or matter itself 
of the nerve is changed by electrisation, and 
changed in a manner bearing a direct relation to 
the other effects produced by electricity. 

Portions of muscle and of nerve present different 
electrical states with reference to other portions of 
the same muscle or nerve ; thus the external part 
of a muscle bears the same relation to the internal 
part as platinum does to zinc in the voltaic bat- 
tery; and delicate galvanoscopes will show elec- 
trical effects when interposed in a conducting 
circuit, connecting the surface of a nerve 'with its 
interior portions. A species of voltaic pile may be 
formed by a series of slices of muscle, so arranged 
that the external part of one slice may touch the 
internal part of the next, and so on. 

Lastly, the magnetic effects produced by electri- 
city also show a change in the molecular state of 
the magnetic substance affected ; as we shall see 
when the subject of magnetism is discussed. 

I have taken in succession all the known classes 
of electrical phenomena ; and, as far as I am aware, 
there is not a single electrical effect, where, if a 
close investigation be instituted, and the materials 
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chosen in a state for exhibiting minute changes, 
evidence of molecular change will not be detected ; 
thus, excepting those cases where infinitesimally 
small quantities of matter are acted on, and our 
means of detection fail, electrical effects are known 
to us only as changes of ordinary matter. It seems, 
to me as easy to imagine these changes to be effected 
by a force acting in definite directions, as by a fluid 
which has no independent or sensible existence, and 
which, it must be assumed, is associated with, or 
exerts a force acting upon ordinary matter, or 
matter of a different order from the supposed fluid. 
As the idea of the hypothetic fluid is pursued, it 
gradually vanishes, and resolves itself into the idea 
of force. The hypothesis of matter without weight, 
presents in itself, as I believe, fatal objections to 
the theories of electrical fluids^ which are entirely 
removed by vie^ving electricity as force, and not as 
matter. 

If it be said that the effects we have been consi- 
dering may still be produced by a fluid, and that 
this fluid acts upon ordinary matter in certain 
cases, polarising the matter affected or arranging 
its particles in a definite direction, whilst in others, 
by its attractive or repulsive force, it carries with 
it portions of matter ; yet, if the fluid in itself be 
incapable of recognition by any test, if it be only 
evidenced by the changes which it operates in pon- 
derable matter, the words fluid and force become 
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identical in meaning ; we may- as well say that the 
attraction of gravitation or weight is occasioned 
by a fluid, as that electrical changes are so. 

When, as is constantly done in common parlance, 
a house is said to be struck^ Avindows broken^ metals 
fused or dissipated by the electrical Jluid^ are not 
the expressions used such as, if not' sanctioned by 
habit, would seem absurd ? In all the cases of in- 
jury done by lightning there is no fluid perceptible ; 
the so-called sulphurous odour is either ozone de- 
veloped by the action of electricity on atmospheric 
air, or the vapour of some substance dissipated by 
the discharge ; on the other hand, it seems more 
consonant with experience to regard these eficcts 
as produced by force, as we have analogous effects 
produced by admitted forces, in cases where no one 
would invoke the aid of a hypothetic fluid for ex- 
planation. For instance, glasses may be broken 
by electrical discharges ; so may they by sonorous 
vibrations. ^letals electrified or magnetised -vrill 
emit a sound ; so they will if struck, or if a musical 
note Avith which they can vibrate in unison be 
sounded near to them. 

Even chemical decomposition, in cases of feeble 
affinity, may be produced by purely mechanical 
effects. A number of instances of this have been 
collected by ^I. Becquerel ; and substances whose 
constituents are held together by feeble affinities, 
such as iodide of nitrogen and similar compounds, 
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are decomposed by the vibration occasioned by 
sound. 

If, instead of being regarded as a fluid or im- 
ponderable matter sui generis^ electricity be re- 
garded as the motion of an ether, equal difficulties 
are encountered. Assuming ether to pervade the 
pores of all bodies, is the ether a conductor or non- 
conductor ? If the latter — that is, if the ether be 
incapable of transmitting the electrical wave — the 
ethereal hypothesis of electricity necessarily fells ; 
but if the motion of the ether constitute what we 
call conduction of electricity, then the more porous 
bodies, or those most permeable by the ether, should 
be the best conductors. But this is not the case. 
If, again, the metal and the air surrounding it are 
botli pervaded by ether, why should the electrical 
wave affect the ether in the metal, and not stir 
that in the gas ? To support an ethereal hypo- 
thesis of electricity, many additional and hardly 
reconcilable hypotheses must be imported. 

The fracture and comminution of a non-con- 
ducting body, the fusion or dispersion of a metallic 
-wire by the electrical discharge, are effects equally 
difficult to conceive upon the hypothesis of an 
ethereal vibration, as upon that of a fluid, but are 
necessary results of the sudden subversion of mole- 
cular polarisation, or of a sudden or irregular 
vibratory movement of the matter itself. We see 
similar effects produced by sonorous vibrations^ 
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Avhich might be called conduction and non-con- 
duction of sound. One body transmits sound 
easily, another stops or deadens it, as it is tenned, 
— t. e. disperses the vibrations, instead of continuing 
them in the same direction as the primary impulse ; 
and solid bodies may, as has been above observed, 
be shivered by sudden impulses of sound in those 
cases where all the parts of the body cannot uni- 
formly carry on the undulatory motion. 

The progressive stages in the History of Phy- 
sical Philosophy will account in a great measure 
for the adoption by the early electricians of the 
theories of fluids. 

The ancients, when they witnessed a natural 
phenomenon, removed from ordinary analogies, 
and unexplained by any mechanical action known 
to them, referred it to a soul, a spiritual or pre- 
ternatural power: thus amber and the magnet 
were supposed by Thales to have a soul ; the 
functions of digestion, assimilation, &c., were 
supposed by Paracelsus to be effected by a spirit 
(the Archajus). By degrees air and gases, at 
first deemed spiritual, became invested with a 
more material character ; and the word gas, from 
geist^ a ghost or spirit, affords us an instance of 
the gradual transmission of a spiritual into a 
physical conception. 

The establishment by Torricelli of the ponder- 
able character of air and gas, showed that sub- 
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stances which had been deemed spiritual and 
essentially different from ponderable matter were 
possessed of its attributes. A less superstitious 
mode of reasoning ensued, and now aeriform fluids 
were shown to be analogous in many of their 
actions to liquids or known fluids. A belief in the 
existence of other fluids, differing from air as this 
differed from water, grew up, and when a new 
phenomenon presented itself, recourse was had to 
a hypothetic fluid for explaining the phenomenon 
and connecting it with others; the mind once 
possessed of the idea of a fluid, soon invested it 
-svith the necessary powers and properties, and 
grafted upon it a luxurious vegetation of imaginary 
offshoots. 

In what I am here throwing out, I wish to 
guard myself from being supposed to state that 
the course of theory, historically viewed, followed 
exactly the dates of the discoveries which were 
effectual in changing its character; sometimes a 
discovery precedes, at other times it succeeds to a 
change in the general course of thought ; sometimes, 
and perhaps most frequently, it does both, — i.e., the 
discovery is the result of a tendency of the age 
and of the continually improved methods of 
observation, and when made, it strengthens and 
extends the views which have led to it. I think 
the phases of thought which physical philosophers 
have gone through, will be found generally such as 
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I have indicated, and that the gradual accumula* 
tion of discoveries which has taken place during 
the more recent periods, by showing what effects 
can be produced by dynamical causes alone, is 
rapidly tending to a general dynamical theory into 
which that of the imponderable fluids promises 
ultimately to merge. 

Commencing with electricity as an initiating 
force, we get motion directly produced by it in 
various forms ; for instance, in the attraction and 
repulsion of bodies, evidenced by mobile electro- 
meters, such as that of Cuthbertson, where large 
masses are acted oh ; the rotation of the fly-wheel, 
another form of electrical repulsion, and the 
deflection of the galvanometer needle, arc also 
modes of palpable, visible motion. Electricity 
directly produces heat^ as shown in . the ignited 
wire, the electric spark, and the voltaic arc : in the 
latter the most intense heat with which we are 
acquainted, — so intense, indeed, that it cannot be 
measured, as every sort of matter is dissipated 
by it. 

In the phenomenon of electrical ignition, as 
shown by a heated conjunctive ^vite, the relation 
of force and resistance, and the correlate character 
of the two forces, electricity and heat, are strikingly 
demonstrated. Let a thin wire of platinum join 
the terminals of a voltaic battery of suitable 
power, the wire will be ignited, and a certain 
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amount of chemical action will take place in the 
cells of the battery, — a definite quantity of zinc 
being dissolved and of hydrogen eliminated in a 
given tune. If now the platinum wire be im-» 
mersed in water, the heat will, from the circulating 
currents of the liquid, b^ more rapidly dissipated^ 
and we shall instantly find that the chemical 
action in the battery will be increased, more zinc 
will be dissolved, and more hydrogen eliminated 
for the same time ; the heat being conveyed away 
by the water, more chemical action is required to 
generate it, just as more fuel is required in pro- 
portion as evaporation is more rapid. 

Reverse the experiment, and instead of placing 
the wire in water, place it in the flame of a spirit 
lamp, so that the force of heat meets with greater 
resistance to its dissipation. We now find that 
the chemical action is less than in the first or 
nonnal experiment. If the wire be placed in other 
different gaseous or liquid media we shall find that 
the chemical action of the battery vnll be propor- 
tioned to the facility vnth which the heat is circu- 
lated or radiated by these media, and we thus 
establish an alternating reciprocity of action 
between these two forces : a similar reciprocity may 
be established between electricity and motion, 
magnetism and motion, and so of other forces. If 
it cannot be realised with all, it is probably because 
we have not yet eliminated interfering actions. I£ 
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Ave carefully think over the matter, we shall, unless 
I am much mistaken, arrive at the conclusion that 
it cannot he otherwise, unless it be supposed that a 
force can arise from nothing, — can exist without 
antecedent force. 

In the phenomenon of the voltaic arc, the electric 
spark, &c., to which I have already adverted, 
electricity directly produces light of the greatest 
known intensity. It directly produces magnetism 
as shown by Oersted, who first distinctly proved 
the connection between electricity and magnetism. 
These two forces act upon each other, not in 
straight lines, as all other known forces do, but in 
a rectangular direction ; that is, bodies affected by 
dynamic electricity, or the conduits of an electric 
current, tend to place magnets at right angles to 
them ; and, conversely, magnets tend to place 
bodies conducting electricity at right angles to 
them. Thus an electric current appears to have a 
magnetic action, in a direction cutting its own at 
right angles; or, supposing its section to be a 
circle, tangential to it: if, then, we reverse the 
position, and make the electric current form a 
series of tangents to an ima^nary cylinder, this 
cylinder should be a magnet. This is effected in 
practice by coiling a wire as a helix or spiral, and 
this, when conducting an electrical current, is to 
all intents and purposes a magnet. A soft iron 
core placed within such a helix has the property 



ELECTRICITT. Ill 

of concentrating its power, and then we can, by 
connection or disconnection with the source of 
electricity, instantly make or unmake a most 
powerful magnet. 

We may figure to the mind electrified and mag- 
netised matter, as lines of which the extremities 
repel each other in a definite direction ; thus, if a 
line AB represent a wire affected by electricity, and 
superposed on CD a wire affected by magnetism, 
the extreme points a and b will be placed at the 
furthest distance from the points c and D, — i. e.^ at 
right angles to the line joining them; and so, if the 
lines be subdivided to any extent, each will have 
two extremities or poles repulsive of those of the 
other. If the line of matter affected by electricity 
be a liquid, and consequently have entire mobility 
of particles, a continuous movement will be pro- 
duced by magnetisation, each particle successively 
tending, as it were, to fly off at a tangent from the 
magnet; thus, place a flat dish containing acidu- 
lated water on the poles of a powerful magnet, 
immerse the terminals of a voltaic battery in the 
liquid just above the magnetic poles, so that the 
lines of electricity and of magnetism coincide ; the 
water will now assume a movement at right angles 
to this line, flowing continuously, as if blcwn by an 
equatorial -wind, which may be made east or west 
with reference to the magnetic poles by altering 
the direction of the electrical current: a similar 
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effect may be produced with mercury. These 
cases afford an additional argument to those pre- 
viously mentioned of the particles of matter being 
affected by the forces of electricity and magnetism 
in a way irreconcilable vnth the fluid or ethereal 
hypothesis. 

The representation of transverse direction by 
magnetism and electricity appears to have led 
Coleridge to parallel it by the transverse expan- 
sion of matter, or length and breadth, though he 
injured the parallel by adding galvanism as depth: 
whether a third force exists which may bear this 
relation to electricity and magnetism is a question 
upon which we have no evidence. 

The ratio which the attractive force produced 
bears to the electric current producing it has been 
investigated by many experimentalists and mathe- 
maticians. The data are so numerous and so vari- 
able, that it is difficult to arrive at definite results. 
Thus the relative size of the coil and the iron, the 
temper or degree of hardness of the latter, its shape, 
or the proportions of length to diameter, the number 
of coils surrounding it, the conducting power of the 
metal of which the coils are formed, the size of the 
keeper or iron in which magnetism is induced, the 
degree of constancy of the battery, &c., complicate 
the experiments. 

The most trustworthy general relation which 
has been ascertained is, that the magnetic attrac* 
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tioii is as the square of the electric force ; a result 
due to the researches of Lenz and Jacobi, and also 
of Sir W. S. Harris. 

Lastly, electricity produces chemical affinity ; and 
by its agency we are enabled to obtain effects of 
analysis or synthesis with which ordinary che- 
mistry does not furnish us. Of these effects we 
have examples in the brilliant discoveries, by Davy, 
of the alkaline metals, and in the peculiar crys- 
talline compounds made known by Crosse and 
Becquerel. . 

In entering on the subject of Light, it will be well " 
to describe briefly, and in a manner as far as may 
be independent of theory, the effects to which the 
term polarization has been applied. 

When light is reflected from the surface of water, 
glass, or many other media, it undergoes a change 
which disables it from being again similarly re- 
flected in a direction at right angles to that at 
which it has been originally reflected. Light so 
affected is said to be polarized ; it will always be 
capable of being reflected in planes parallel to the 
plane in which it has been first reflected, but in- 
capable of being reflected in planes at right angles to 
that plane. At planes having a direction interme- 
diate between the original plane of reflexion, and a 
plane at right angles to it, the light will be capable 
of being partially reflected, and more or less so ac- 
cording as the direction of the second plane of 
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reflection is more or less coincident with the ori- 
ginal plane. Light, again, when passed through a 
crystal of Iceland spar, is what is termed doubly 
refracted, t. ^., split into two divisions or beams, 
each having half the luminosity of the original 
incident light ; each of these beams is polarized in 
planes at right angles to each other ; and if they 
be intercepted by the mineral tourmaline, one of 
them is absorbed, so that only one polarized beam 
emerges. Similar effects may be produced by 
certain other reflections or refractions. A ray of 
light once polarized in a certain plane continues so 
affected throughout its whole subsequent course; 
and at any indefinite distance from the point where 
it originally undenvent the change, the direction 
of the plane will be the same, provided the media 
through which it is transmitted be air, water, or 
certain other transparent substances which need 
not be enumerated. If, however, the polarized ray, 
instead of passing through water, be made to pass 
through oil of tui-pentine, the definite direction in 
which it is polarized will be found to be changed ; 
and the change of direction will be greater accord- 
ing to the length of the column of interposed liquid. 
Instead of being an uniform plane, it will have a 
curvilinear direction, similar to that which a strip 
of card would have if forced along two opposite 
grooves of a rifle-barrel. This curious effect is 
produced in different degrees by different media. 
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The direction also varies ; the rotation, as it is 
termed, being sometimes to the right hand and 
sometimes to the left, according to the peculiar 
molecular character of the medium through which 
the polarized ray is transmitted. 

Light is, perhaps, that mode of force the reci- 
procal relations of which with the others have been 
the least traced out. Until the discoveries of 
Niepce, Daguerre, and Talbot, very little could be 
definitely predicated of the action of light in pro- 
ducing other modes of force. Certain chemical 
compounds, among which stand pre-eminent the 
salts of silver, have the property of suffering de^ 
composition when exposed to light. If, for in- 
stance, recently formed chloride of silver be sub- 
mitted to luminous rays, a partial decomposition 
ensues ; the chlorine is separated and expelled by 
the action of light, and the silver is precipitated. 
By this decomposition the colour of the substance 
changes from white to blue. If now, paper be 
impregnated with chloride of silver, which can be 
done by a simple chemical process, then partially 
covered with an opaque substance, a leaf for ex- 
ample, and exposed to a strong light, the chloride 
"will be decomposed in all those parts of the paper 
where the light is not intercepted, and we shall 
have, by the action of light, a white image of the 
leaf on a purple ground. If similar paper be placed 
in the focus of a lens in a camera-obscura^ the 
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objects there depicted will decompose the chloride, 
j ust in the proportion in which they are luminous ; 
and thus, as the most luminous parts of the image 
will most darken the chloride, we shall have a 
picture of the- objects with reversed lights and 
shadows. The picture thus produced would not 
be permanent, as subsequent exposure would 
darken the light portion of the picture : to fix it, 
the paper must be immersed in a solution which 
has the property of dissolving chloride of silver, 
but not metallic silver. Iodide of potassium will 
effect this'; and the paper being washed and dried- 
will then preserve a permanent image of the de- 
picted objects. This was the first and simple, pro- 
cess of Mr, Talbot ; but it is defective as to the 
purposes aimed at, in many points. First, it is 
not sufficiently sensitive, requiring a strong light 
and a long time to produce an image ; secondly, 
the lights and shadows are reversed ; and thirdly, 
the coarse structure of the finest paper does not 
adnut of the delicate traces of objects being dis- 
tinctly impressed. These defects have been to o 
great extent remedied by a process subsequently 
discovered by Mr. Talbot, and which bears his 
name, and which has led to the coUoclion process, 
and others unnecessary to be detailed here. 

The photographs of M. Daguerre, with which all 
are now familiar, are produced by holding a plate 
of highly-polished silver over iodine. A thin film of 
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iodide of silver is thus formed on the surface of the 
metal ; and when these iodized plates are exposed 
in the camera, a chemical alteration takes place. 
The portions of the plate on which the light has 
impinged part with some of the iodine, or are 
otherwise changed — for the theory is somewhat 
doubtful — so as to be capable of ready amalgama- 
tion. When, therefore, the plate is placed over the 
vapour of heated mercury, the mercury attaches 
itself to the portions affected by light, and gives 
them a white frosted appearance ; the intermediate 
tints are less affected, and those parts where no 
light has fallen, by retaining their ori^nal polish^ 
appear dark : the iodide of silver is then washed 
off by hyposulphite of soda, which has the property 
of dissolving it, and there remains a picture in 
which the lights and shadows are as in nature, and 
the molecular uniformity of the metallic surface 
enables the most microscopic details to be depicted 
with perfect accuracy- By using chloride of 
iodine, or bromide of iodine, instead of iodine, the 
equilibrium of chemical forces is rendered still more 
unstable, so that images may be taken in an inde- 
finitely short period, — a period practically instan- 
taneous. 

It would be foreign to the object of this essay to 
enter upon the many beautiful details into which 
the science of photography has branched out, and 
the many valuable discoveries and practical appli- 
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cations to which it has led. The short statement 
I have given above is perhaps superfluous, as, 
though they were new and surprising at the period 
when these Lectures were delivered, photographic 
processes have now become familiar, not only to 
the cultivator of science, but to the artist and 
amateur : the important point for consideration 
here is that light will chemically or molecularly 
affect matter. Not only will the particular com- 
pounds above selected as instances be changed by 
the action of light ; but a vast number of substances, 
both elementary and compound, are notably af- 
fected by this agent, even those apparently the 
most unalterable in character, such as metals ; so 
numerous, indeed, are the substances affected, that 
it has been supposed, not without reason, that 
matter of every description is altered by exposure 
to light. 

The effect of light on chemical compounds affords 
us a striking instance of the extent to which a 
force, ever active, may be ignored through succes- 
sive ages of philosophy. If we suppose the walls 
of a large room covered with photographic appa- 
ratus, the small amount of light reflected from the 
face of a person situated in its centre would simul- 
taneously imprint his portrait on a multitude of 
recipient surfaces. Were the cameras absent, but 
the room coated with photographic paper, a change 
would equally take place in every portion of it, 
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though not a reproduction of form and figure. As 
other substances not commonly called photo* 
graphic are known to be affected by light, the list 
of which might be indefinitely extended, it becomes 
a curious object of contemplation to consider how 
far light is daily operating changes in ponderable 
matter, — how far a force, for a long time recog- 
nised only in its visual effects, may be constantly 
producing changes in the earth and atmosphere, in 
addition to those changes in organized structures 
which are now beginning to be extensively studied. 
Thus every portion of light may be -supposed to 
Avrite its own history by a change more or less 
permanent in ponderable matter. 

The late Mr. George Stephenson had a favourite 
idea, which would now be recognised as more phi- 
losophical than it was in his day, viz., that the 
light, which we nightly obtain from coal or other 
fuel, was a reproduction of that which had at one 
time been absorbed by vegetable structures from 
the sun. The conviction that the transient gleam 
leaves its permanent impress on the world^s history, 
also leads the mind to ponder over the many pos- 
sible agencies of which we of the present day may 
be as ignorant as the ancients were of the chemical 
action of light. 

I have used the term Ught, and affected by light, 
in speaking of photographic effects ; but, though 
the phenomena derived their name from light, it 
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has been doubted ly many competent investigators 
whether the phenomena of photography are not 
mainly dependent upon a separate agent accompa- 
nying light, rather than upon light itself. It is, 
indeed, difficult not to believe that a picture, taken 
in the focus of a csmera obscura, and which repre- 
sents to the eye all the gradations of light and 
shade shown by the original luminous image, is not 
an effect of light ; certain it is, however, that the 
different coloured rays exercise different actions 
upon various chemical compounds, and that the 
effects on many, perhaps on most of them, are not 
proportionate in intensity to the effects upon the 
visual organs. Those effects, however, appear to be 
more of degree than of specific difference ; and, 
without pronouncing myself positively upon the 
question, hitherto so little examined, I think it will 
be safer to regard the action on photographic com- 
pounds as resulting from a function of light. So 
viewing it, we get light as an initiating force, 
capable of producing, mediately or immediately, 
the other modes of force. Thus, it immediately 
produces chemical action ; and having this, we at 
once acquire a means of producing the others. At 
my Lectures in 1843, I showed an experiment by 
which the production of all the other modes of 
force by light is e:diibited : I may here shortly 
describe it. A prepared daguerreot}^ plate is 
enclosed in a box filled with water, having a glass 
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front, with a shutter over it. Between this glass 
and the plate is a gridiron of silver wire ; the plate 
is connected with one extremity of a galvanometer 
coil, and the gridiron of wire with one extremity of 
a Breguet's helix — an elegant instrument, formed 
hy a coil of two metals, the unequal expansion of 
which indicates slight changes in temperature — 
the other extremities of the galvanometer and 
helix are connected by a wire, and the needles 
brought to zero. As soon as a beam of either 
daylight or the oxyhydrogen light is, by raising 
the shutter, permitted to impinge upon the plate, 
the needles are deflected. Thus, light being the 
initiating force, we get chemical action on the plate, 
electricity circulating through the wires, maffnetiam 
in the coil, heat in the helix, and motion in the 
needles. 

There are other apparently more direct agencies 
of light in producing electricity and magnetism, 
such as those observed by Morichini and others, as 
well as its effects upon crystallization ; but these 
results have hitherto been of so indefinite a cha- 
racter, that they can only be regarded as present- 
ing fields for experiment, and not as proving the 
relations of light to the other forces. 

Light would seem directly to produce heat in 
the phenomena of what is termed absorption of 
light : in these we find that heat is developed in 
some proportion to the disappearance of light. To 
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take the old experiment of placing a series of dif- 
ferent coloured pieces of cloth upon snow exposed 
to sunshine, the black cloth absorbing the most 
light, and developing the most heat, sinks more 
deeply in the snow than any others ; the other 
colours or shades of colour sink the more deeply 
in proportion as they absorb or cause to disappear 
the more light, until we come to the white cloth, 
which remains upon the surface. The heatmg 
powers of different colours are, however, not by 
any means in exact proportion to the intensity of 
their light as affecting the visual organs. Thus 
red light, when produced by refraction from a 
prism of glass, produces greater heating effect than 
yellow light in the phenomena of absorption, as has 
been observed by Sir W. Herschel. The red rays 
appear, however, to produce a dynamic effect 
greater than any of the others ; thus they pene- 
trate water to a greater depth than the other 
colours ; but, according to Dr. Seebeck, we get a 
further anomaly, viz. that when light is refracted 
by a prism of water the yellow rays produce the 
greater heating effect. The subject, therefore, 
requires much more experiment before we can 
ascertain the rationale of the action of the forces 
of light and heat in this class of phenomena. 

In a former edition of this Essay, I suggested the 
following experiment on this subject: — Let a 
beam of light be passed through two plates of 
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tourmaline, or similar substance, and the tempera- 
ture of the second plate, or that on which the light 
last impinges, be examined by a delicate thermo- 
scope, first when it is in a position to transmit the 
polarized beam coming from the first plate, and 
secondly when it has been turned round through 
an arc of 90®, and the polarized beam is absorbed. 
I expected that, if the experiment were carefully 
performed, the temperature of the second plate 
would be more raised in the second case than in 
the first, and that it might afford interesting 
results when tried with light of different colours. 
I met with difficulties in procuring a suitable 
apparatus, and was endeavouring to overcome 
them when I found that Knoblauch had^ to some 
extent, realized this result. He finds that, when a 
solar beam, polarized in a certain plane, is trans- 
mitted perpendicularly to the axis of a crystal of 
brown quartz or tourmaline, the heat is transmitted 
in a smaller proportion than when the beam passes 
along the direction of the axis of the crystal. 

It is generally — as far as I am aware, univer- 
sally — true that, while light continues as light, 
even though reflected or transmitted by different 
media, little or no heat is developed, provided the 
media be transparent ; and, as far as we can judge, 
it would appear that, if a medium were perfectiy 
transparent, not the slightest heating effect would 
take place ; but, wherever light is absorbed, then 
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heat takes its place, affording us apparently an 
instance of the conversion of light into heat, and 
of the fact that the force of light is not, in fact, 
absorbed or annihilated, but merely changed in 
character, becoming in this instance converted into 
heat by impinging on soUd matter, as in the in- 
stance mentioned in treating of heat, this force was 
shown to be converted into light by impinging on 
solid matter. As, however, I have before observed, 
this correlation of light and heat is not so distinct 
as with the other affections of matter. One expe- 
riment, indeed, of Melloni would seem to show that 
light may exist in a condition in which it does not 
produce heat, which our instruments are able to 
detect ; but some doubt has recently been thrown 
on the accuracy of this experiment. 

The recipient body, or that upon which light 
impinges, seems to exercise as important an in- 
fluence on our perceptions of light as the emittent 
body, or that from which the light first proceeds. 
The recent experiments of Sir John H^rschel and 
lilr. Stokes show that radiant impulses, which, 
falling on certain bodies, give no effect of light, 
become luminous when falling on other bodies. 

Thus, let ordinary solar light be refracted by a 
prism (the best material for which is quartz), and 
the spectrum received on a sheet of paper ; looking 
on the paper, the eye detects no light beyond the 
extreme violet rays. If, therefore, an opaque body 
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be interposed so as just to cut off the whole visible 
spectrum, the paper would be dark or invisible, 
with the exception of some slight illumination 
from light reflected by the sir and surrounding 
bodies. Substitute for that portion of tlie paper 
which was beyond the visible spectrum a piece of 
glass tinged by the oxide of uranium, and the 
glass is perfectly visible; so with a bottle of sul- 
phate of quinine, or of the juice of horse-chestnuts, 
or even paper soaked in these latter solutions. 
Other substances exhibit this effect in different de- 
grees ; and among the substances which have hitherto 
been considered perfectly analogous as to their ap- 
pearance when illuminated, notable differences are 
discovered. Thus it appears that emanations which 
give no impression of light to the eye, when im- 
pinging on certain bodies, become luminous when 
impinging on others. We might ima^ne a room 
so constructed that such emanations alone are 
permitted to enter it, which would be dark or light 
according to the substance with which the walls were 
coated, though in full daylight the respective coat- 
ings of the walls would appear equally white : or, 
without altering the coating of the walls, the 
room exposed to one class of rays, might be ren- 
dered dark by windows transparent to another 
class. 

If, instead of solar light, the electrical light be em- 
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ployed for similar experiments, an equally striking 
eflFect can actually be produced. A design, drawn on 
white paper with a solution of sulphate of quinine 
and tartaric acid^ is invisible by ordinary light, 
but appears with beautiful distinctness when illu- 
minated by the electric light. Thus, in profloun- 
cing upon a luminous effect, regard must be had 
to the recipient as well as to the emittent body. 
That which is, or becomes, light when it falls 
upon one body is not light when it falls upon 
another. Probably the retince of the eyes of dif- 
ferent persons differ to some extent in a similar 
manner; and the same substance, illuminated by 
the same spectrum, may present different appear- 
ances to different persons, the spectrum appearmg 
more elongated to the one than to the other, so 
that what is light to the one is darkness to the 
other. A dependence on the recipient body may 
also, to a great extent, be predicated of heat. Two 
vessels of water, the contents of the one clear and 
transparent, of the other tinged by some colour- 
ing matter, are suspended in a summer's sun, in a 
very short time a notable difference of temperature 
will be observed, the coloured having become 
much hotter than the clear liquid. If the first 
vessel be placed at a considerable distance from 
the surface of the earth, and the second near the 
surface, the difference is still more considerable. 
Carrying on this experiment, and suspending the 
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first over the top of a high mountain, and the 
second in a valley, we may obtain so great a dif- 
ference of temperature, that animals whose organ- 
ization is suited for the one temperature could not 
live in the other, and yet both are exposed to the 
same luminous rays at the same time, and sub- 
stantially at the same distance from the emittent 
body, — the colder substance is, in fact, nearer the 
sun than the warmer. So, with regard to the 
medium transmitting the influence : a greenhouse 
may have its temperature considerably varied by 
changing the glass of which its roof is made« 

These effects have an important bearing on 
certain cosmical questions which have lately been 
much discussed, and should induce the greatest 
caution in forming opinions on such subjects as 
light and heat on the sun's surface, the tempera- 
ture of the planets, &c. This may depend as 
much upon their physical constitution as upon 
their distance from the sun. Indeed, the planet 
Mars gives us a highly probable argument for this ; 
for, notwithstanding that it is half as far again 
from the sun as the earth is, the increase of the 
white tracts at its poles during its winter, and 
their diminution during its summer, show that the 
temperature of the surface of this planet oscillates 
about that of the freezing point of water, as do the 
homologous zones of our planet. It is true, in 
this we assume that the substance thus changing 
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its state is water, but, considering the many dose 
analogies of this planet with the earth, and the 
identity in appearance of these very eflPects with 
what takes place on the earth, it seems a highly 
probable assumption. 

So it by no means necessarily follows, that be- 
cause Venus is nearer to the sun than the earth, 
that planet is hotter than our globe. The force 
emitted by the sun may take a different character 
at the surface of each different planet, and require 
different organisms or senses for its appreciation. 
Myriads of organized beings may exist impercep- 
tible to our vision, even if we were among them ; 
and we might be also imperceptible to them I 

However vain it may be, in the present state of 
science, to speculate upon such existences, it is 
equally vain to assume identity or close approxi- 
mations to our own forms in those beings which 
may people other worlds. From analogical rea- 
soning, or from final causation, if that be admitted, 
we may feel convinced that the gorgeous globes 
of the universe are not unpeopled deserts; but 
whether the denizens of other worlds are more or 
less powerful, more or less intelligent, whether 
they have attributes of a higher or lower class 
than ourselves, is at present an utterly hopeless 
guessing. 

Specific gravity and intelligence have no neces- 
sary connexion. On our own planet five senses 
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and a mean density equal to that of water, are not 
invariably associated ^rith intellectual or moral 
greatness. i 

Men are too apt, because they are men, because 
their existence is the one thing of all importance 
to themselves, to frame schemes of the universe as 
though it was formed for man alone : painted by 
an artist of the sun, a man might not represent so 
prominent an object of creation as he does when 
represented by his own pendL 

Light was regarded by what was termed the 
corpuscular theory, as being in itself matter or a 
specific fluid emanating from luminous bodies, and 
producing the effects of sensation by impinging on 
the retina. This theory gave way to the undula- 
tory one, which is generally adopted in the present 
day, and which regards light as resulting from the 
undulation of a specific fluid to which the name of 
ether has been given, which hypothetic fluid is 
supposed to pervade the universe, and to permeate 
the pores of all bodies. 

In a Lecture delivered in January, 1842, when 
I first publicly advanced the views advocated in 
this Essay, I stated that it appeared to me more, 
consistent vnth known facts to regard light as result- 
ing from a vibration or motion of the molecules of 
matter itself, rather than from a specific ether per- 
vading it; just as sound is propagated by the 
vibrations of wood, or as waves are by water. I am 
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not here speaking of the character of the vibrations 
of light, sound, or water, which are doubtless very 
different from each other, but am only comparing 
them so far as they illustrate the propagation of 
force by motion in the matter itself. 

I was not aware, at the time that I first adopted 
the above view, and brought it forward in my 
Lectures, that the celebrated Leonard Euler had 
pubUshed a somewhat similar theory ; and, though 
I suggested it without knowing that it had been 
previously advanced, I should have hesitated in 
reproducing it had I not found that it was sanc- 
tioned by so eminent a mathematician as Euler, 
who cannot be supposed to have overlooked any 
irresistible argument against it, — the more so in a 
matter so much controverted and discussed as the 
undulatory theory of light was in his time. 

Although this theory has been considered de- 
fective by a philosopher of high repute, I cannot 
see the force of the arguments by which it has 
been assailed; and therefore, for the present, 
though with diffidence, I still adhere to it. The 
fact itself of the correlation of the different modes 
of force is to my mind a very cogent argument in 
favour of their being affections of the same matter ; 
and though electricity, magnetism, and heat might 
be viewed as produced by undulations of the same 
ether as that by means of which light is supposed 
to be produced, yet this hypothesis offers greater 
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difficulties with regard to the other affections than 
with regard to light : many of these difficulties I 
have already alluded to when treating of electri- 
city ; thus conduction and non-conduction are not 
explained by it; the transmission of electricity 
through long wires in preference to the eir which 
surrounds them, and which must be at least 
equally pervaded by the ether, is irreconcileable 
with such an hypothesis. The phenomena ex- 
hibited by these forces afford, as I think, equally 
strong evidence with those of lights of ordinary 
matter acting from particle to particle, and having 
no action at a distance. I have already instanced 
the experiments of Faraday on electrical induction^ 
showing it to be an action of contiguous particles, 
which are strongly in favour of this '\dew, and many 
experiments which I have made on the voltaic arc, 
some of which I have mentioned in this essay, are, 
to my mind, confirmatory of it. 

If it be admitted ''that one of the so called im- 
ponderables is a mode of motion, then the fact of 
its being able to produce the others, and be pro- 
duced by them, renders it highly difficult to con- 
ceive some as molecular motions and others as 
fluids or undulations of an ether. To the main 
objection of Dr. Young, that all bodies would have 
the properties of solar phosphorus if light consisted 
in the undulations of ordinary matter, it may be 
answered that so many bodies have this property, 
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and with so great variety in its duration, that non 
constat all may not have it, though for a time so 
short that the eye cannot detect its duration ; the 
fSetct of the phosphorescence by insolation of a large 
number of bodies, is in itself evidence of the 
matter of which they are composed being thrown 
into a state of imdulation, or at all events mole- 
cularly affected by the impact of light, and is 
therefore an argument in support of the view to 
which objection is taken. Dr. Young admits that 
the phenomena of solar phosphorus appear to re- 
semble greatly the Sjnnpathetic sounds of musical 
instruments, which are agitated by other sounds 
conveyed to them through the air, and I am not 
aware that he gives any explanation of these effects 
on the etherial hypothesis. 

The analogies in the progression of sound and 
light are very numerous : each proceed in straight 
lines, until inteiTupted ; each is reflected in the 
same manner, the angles of ineidence and reflexion 
being equal; each is alternately nullified and 
doubled in intensity by interference ; each is ca- 
pable of refraction when passing from media of 
different density : this last effect of sound, long ago 
theoretically determined, has been experimentally 
proved by Mr. Sondhauss, who constructed a lens 
of films of collodion, which, when filled with 
carbonic acid, enabled him to hear the ticking of a 
watch placed in one focus of the lens, the ear of 
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the experimenter being in the opposite focus. The 
ticking was not heard when the watch was moved 
aside from the focal point, though it remained at 
an equal distance firom the ear. 

The phenomena presented by heat^ viewed ac- 
cording to the dynamic theory, cannot be explained 
by the motion of an imponderable ether, but 
involve the molecular actions of ordinary ponder- 
able matter. The doctrine of propagation by un- 
dulations of ordinary matter is very generally 
admitted by those who support the dynamical theory 
of heat ; but the analogies of the phenomena pre- 
sented by heat and light are so close, that I cannot 
see how a theory applied to the one agent should 
not be applicable to the other. When heat is 
transmitted, reflected, refracted, or polarised, can 
we view that as an aficction of ordinary maitter, 
and when the same eficcts take place with light, 
view the phenomena as produced by an imponder- 
able ether, and by that alone ? 

An objection that immediately occurs to the 
mind in reference to the etherial hypothesis of 
light, is, that the most porous bodies are opaque; 
cork, charcoal, pumice stone, dried and moist 
wood, &c., all very porous and very light, are all 
opaque. This objection is not so superficial as it 
might seem at first sight. The theory which 
assumes that light is an undulation of an etherial 
niedimn pervading gross matter, assumes the dis- 
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tances between the molecules or atoms of matter 
to be very great. Matter has been likened by 
Democritus, and by many modem philosophers, to 
the starry firmament, in which, though the indivi- 
dual monads are at immense distances firom each 
other, yet they have in the aggregate a character 
of unity, and are firmly held by attraction in their 
respective positions and at definite distances. 
Now, if matter be built up of separate molecules, 
then, as far as our knowledge extends, the lightest 
bodies would be those in which the molecules are 
at the greatest distances, and those In which any 
undulation of a pervading medium would be the 
least interfered ^vith by the separated particles, — 
such bodies should consequently be the most trans- 
parent. 

If, again, the analogy of the starry firmament 
held good, in this case an undulation or wave pro- 
portioned to the individual monads would be 
broken up by the number of them, and the very ap- 
pearance of continuity which results, as in the milky 
way, from each point of vision being occupied by 
one of the monads, would show that at some 
portion of its progress the wave is interrupted by 
one of them, so that the whole may be viewed in 
some respect as a sheet of ordinary matter inter- 
posed in the etherial expanse. 

Even then if it be admitted that a highly elastic 
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nicdium pervades the interspaces, the separate 
masses as a whole must exercise an important 
influence on the progress of the wave. 

Sound or vibrations of air meeting with a screen 
or as it were sponge of difliised particles, would be 
broken up and dispersed by them ; but if they be 
sufficiently continuous to take up the vibration 
and propagate it themselves, the sound continues 
comparatively unimpaired. 

With regard, however, to liquid and gaseous 
bodies, there are very great difficulties in viewing 
them as consisting of separate and distant mole- 
cules. If, for instance, we assume witii Young 
that the particles in water are at least as distant 
from each other as 100 men would be if dispersed 
at equal distances over the surface of England, 
the distance of these particles when the water is 
expanded into steam, would be increased more than 
forty times, so that the 100 men would be reduced 
to two, and by further increasing the temperature 
this distance may be indefinitely increased; adding 
to the eflfects of temperature rarefaction by the air- 
pump, we may again increase the distance, so that, 
if we assume any original distance, we ought, by 
expansion, to increase it to a point at which the 
distance between molecule and molecule should 
become measurable. But no extent of rarefaction, 
whether by heat or the air-pump, or both,- makes 
the slightest change in the apparent continuity of 
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matter; and gases I find retain their peculiai* 
character, as far as a judgment of it can be formed 
from its eflFect on the electric spark, throughout 
any extent of rarefaction which can experimentally 
be applied to them ; thus the electric spark in pro- 
toxide of nitrogen, however attenuated, presents 
a crimson tint, that in carbonic oxide a greenish 
tint. 

Without, however, entering on the metaphysical 
inquiry as to the constitution of matter (or 
whether the atomic philosophers or the followers 
of Boscovich are right), a question which probably 
human appliances will never answer; and even 
admitting that an etherial medium, not absolutely 
imponderable as asserted by many, but of extreme 
tenuity, pervades matter, still ordinary or non« 
etherial matter itself must exercise a most im- 
portant action upon the transnussion of light; and 
Dr. Young, who opposed the theory of Eulcr, that 
light was transmitted by undulations of gross 
matter itself, just as sound is, was afterwards 
obliged to call to his assistance the vibrations of 
the ponderable matter of the refracting media, to 
explain why rays of all colours were not equally 
refracted, and other difficulties. One of his argu- 
ments in support of the existence of a permeating 
ether was, " that a medium resembling in many 
properties that which has been denominated Ether 
does exist, is undeniably proved by the phenomena 
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of electricity." This seems to me, if I may ven- 
ture to say so of anything proceeding fix)m so 
eminent a man, scarcely logical : it is supporting 
one hypothesis by another, and considering that to 
be proved ^yhich its most strenuous advocates 
admit to be surrounded by very many difficulties. 

Dr. Young ultimately came to the conclusion 
that it was simplest to consider the etherial 
medium, together with the material atoms of the 
substance, as constituting together a compoimd 
medium denser than pure ether, but not more 
elastic. Ether might thus be viewed as perform- 
ing the (unctions which oil does with tracing 
paper, giving continuity to the particles of gross 
matter, and in the interplanetary spaces forming 
itself the medium which transmits the undu- 
lations. 

Since the period when Huyghens, Euler, and * 
Young, the fathers of the undulatory theory, 
applied their great minds to this subject, a mass of 
experimental data has accumulated, all tending to 
establish the propositions, that whenever matter 
transmitting or reflecting light undergoes a 
structural change, the light itself is affected, and 
that there is a connexion or parallelism between 
the change in the matter and the change in the 
affection of light, and conversely that light will 
modify or change the structure of matter and 
impress its molecules with new characteristics. 
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Transparency, opacity, refraction, reflexion, and 
colour were phenomena known to the ancients, 
but sufficient attention does not appear to have l>een 
paid by them to the molecular states of the bodies 
producing these efiects ; thus the transparency or 
opacity of a body appears to depend entirely 
upon its molecular arrangement. If strisa occur 
in a lens or glass through which objects are 
viewed, the objects are distorted : increase the 
number of these striae, the distortion is so in-- 
creased that the objects become invisible, and the 
ghiss ceases to be transparent, though remaining 
translucent; but alter completely the molecular 
structure, as by slow solidification, and it becomes 
opaque. Take again an example of a liquid and a 
gas : a solution of soap is transparent, air is trans- 
parent, but agitate them together so as to form a 
froth or lather, and this, though consisting of two 
transparent bodies, is opaque ; and the reflexion of 
light from the surface of these bodies, when so inter- 
mixed, is strikingly different from its reflexion 
before nuxture, in the one case giving to the eye a 
mere general effect of whiteness, in the other the im- 
ages of objects in their proper shapes and colours. 

To take a more refined instance: nitrogen is 
perfectly colourless, oxygen is perfectly colourless, 
but chemically united in certain proportions they 
form nitrous acid, a gas which has a deep orange 
brown colour. I know not how the colour of this 
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gas, or of such gases as chlorine or vapour of 
iodine, can be accounted for by the etherial 
hypothesis, without calling in aid molecular affec* 
tions of the matter of these gases. 

Colour in many instances depends upon the 
thickness of the plate or film of transparent 
matter upon which Ught is incident ; as in all those 
cases which are termed the colours of thin plates, 
of which the soap bubble affords a beautiful 
instance. 

When we arrive at the more recent discoveries 
of double refraction and polarisation, the effects of 
light are found to trace out as it were the struc- 
ture of the matter affected, and the crystalline 
form of a body can be determined by the effects 
which a minute portion of it exercises on a ray of 
light. 

Let a piece of good glass be placed in what is called 
a polariscope, or instrument in which light that 
has undergone polarisation is transmitted through 
the substance to be examined, and the emergent 
light is afterwards submitted to another substance 
capable of polarising light, or, as it is termed, an 
analyser; no change in effect will be observed. 
Remove the glass, heat it and suddenly or quickly 
cool it as to render it unannealed, in which state 
its molecules are a state of tension or strain, and 
the glass highly brittle, on replacing it in the 
polariscope, a beautiful series of colours is percep- 
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tible. Instead of subjecting the glass to heat and 
sudden cooling, let it be bent or strained by me- 
chanical pressure, and the colours will be equally 
visible, modified according to the direction of the 
flexure, and indicating by their course the curves 
where the molecular state has been changed by 
pressure. So if tough glue be elongated and 
allowed to cool in a stretched state, it doubly 
refracts light, and the colours are shown as in the 
instance of glass. 

Submit a series of crystals to the same exami- 
nation, and diflFerent figures ^vill be formed by 
different crystals, bearing a constant and definite 
relation to the structure of the particular crystal 
examined, and to the direction in which, with 
reference to crystalline fonn, the ray crosses the 
crystaL 

In the crystallised salts of paratartaric acid, 
M. Pasteur noticed two sets of crystals which 
were hemihedral in opposite directions, t.e., the 
crystals of one set were to those of the other as to 
their own image reflected in a mirror ; on making 
a separate solution of each of these classes of 
crystals, he found that the solution of the one class 
rotated the plane of polarisation to the right, while 
that of the other class rotated it to the left, and 
that a mixture in proper proportions of the two 
solutions produced no deviation in the plane of 
polarisation. Yet all these three solutions are 
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what is termed isomeric, that is, have as far aa 
can be discovered the same chemical constitatioiu 

In the above, and in innumerable other cases, it 
is seen that an alteration in the structure of a 
transparent substance alters the character and 
effects of the transmitted light. The phenomena 
of photography prove that light alters the struc- 
ture of matter subnutted to it; mth regard even 
to vision itself, the persistence of images on the 
retina of the eye would seem to show that its 
structure was changed by the impact of light, the 
luminous impressions being as it were branded <m 
the retina, and the memory of the vision being the 
scar of such brand. The science of photography 
has reference nudnly to solid substances, yet there 
are many instances of liquid and gaseous bodies 
being changed by the action of light ; thus hydro- 
cyanic acid, a liquid, undergoes a chenucal change 
and deposits a solid carbonaceous compound by 
the action of light. Chlorine and hydrogen gases, 
when mixed and preserved in darkness, do not 
unite, but rapidly combine, forming hydrochloric 
acid when exposed to light. 

The above facts, and many others might 
have been given, go far to connect light with 
motion of ordinary matter, and to show that 
many of the evidences which our senses receive of 
the existence of light result from changes in matter 
itself. When the matter is in the solid state, these 
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changes are more or less permanent ; when in the 
liquid or gaseous state, they are temporary in the 
greater number of instances, unless there be some 
chemical change effected, which is, as it were, seized 
upon during its occurrence, and a resulting com- 
pound formed, which is more stable than the ori- 
^al compound or mixture. 

I might weary my reader with examples, show- 
ing that, in every case which we can trace out, the 
effects of light are changed by any and every 
change of structure, and that light has a definite 
connection with the structure of the bodies affected 
by it. I cannot but think that it is a strong 
assumption to regard ether, a purely hypothetical 
creation, as changing its elasticity for each change 
of structure, and to regard it as penetrating the 
pores of bodies of whose porosity we have in many 
cases no proof; the which pores must, moreover, 
have a definite and peculiar communication, also 
assumed for the purpose of the theory. 

Ether is a most convenient medium for hypo- 
thesis : thus, if to account for a given phenomenon 
the hypothesis requires that the other be more 
elastic, it is said to be more elastic ; if more dense, 
it is said tO be more dense ; if it be required by 
hypothesis to be less elastic, it is pronounced to be 
k'Ss elastic ; and so on. 

The advocates of the etherial hypothesis certainly 
have this advantage, that the ether, being hypo- 
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thetical, can have its characters modified or 
changed without any possibility of disproof either 
of its existence or modifications. 

It may be that the refined mathematical labours 
on light, as on electricity, have given an undue 
and adventitious strength to the hypotheses on 
which they are based. 

An objection to which the view I have been 
advocating is open, and a formidable one, is, 
the necessity involved in it of an universal plenum ; 
for if light, heat, electricity, &c., be affections of 
ordinary matter, then matter must be supposed 
to be everywhere where these phenomena are 
apparent, and consequently there can be no 
vacuum. 

These forces are transmitted through what are 
called vacua, or through the interplanetary spaces^ 
where matter, if it exist, must be in a highly 
attenuated state. 

It may be saftly stated that hitherto all attempts 
at procuring a perfect vacuum have failed. The 
ordinary air-pump gives us only highly rarefied 
air ; and, by the principle of construction, even of 
the best, the operation depends upon the indefinite 
expansion of the volume of air in the receiver ; 
even in the vacuum which is formed in them, so 
great is the tendency of matter to fill up space, 
that I liavc observed distilled water contained in a 
vessel within the exhausted receiver of a good air- 
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pump has a taste of tallow^ derived from the grease, 
or an essential oil contained in it, which is used to 
form an air-tight junction between the edges of the 
receiver and the pump-plate. 

The Torricellian vacuum, or that of the ordinary 
barometer, is filled with the vapour of mercury ; 
but it might be worth the trouble to ascertain 
what would be the effect of a good Torricellian 
vacuum, when the mercury in the tube is frozen, 
which might, without much difficulty, be now 
effected by the use of solid carbonic acid and ether; 
the only probable difficulty would be the different 
rates of contraction of mercury and glass, at such 
a degree of cold, and more particularly the con- 
traction of mercury at the period of its solidifica- 
tion. Davy, however, endeavoured to form a 
vacuum, in a somewhat similar manner, over fused 
tin with but partial success ; he also made many 
other attempts to obtain a perfect vacuum; his 
main object being to ascertain what would be ^he 
effect of electricity across empty space : he admits 
that he could not succeed in procuring a vacuum, 
but found electricity much less readily conducted 
or transmitted by the best vacuum he could 
procure, than by the ordinary Boylean vacuum. • 

Morgan found no conduction by a good Torri- 
cellian vacuum ; and, although Davy does not seem 
to place much reliance on Morgan's experiments, 
there was one point in which they wei*e less liable 
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to error than those of Davy. Morgan, Mrhose ex- 
periments seem to have been carefuify con- 
ducted, operated with hermetically sealed glass 
tubes and by induced electricity, while Davy sealed 
a platiniun wire into the extremity of the tube in 
which he sought to produce a vacuum. I have 
found in very nrunerous experiments which I made 
to. exclude air from water, that platinum iirires, 
most carefully sealed into glass, allow liquids to 
pass between them and the glass ; and this gives 
every reason to believe, that gases may equally 
pass through, but in such extremely minute quan- 
tities, that a long time would be requisite for their 
detection by ordinary tests. Davy supposed that 
the particles of bodies may be detached, and so 
produce electrical effects in a vacuum ; and such 
effects would more readily take place in his experi- 
ments, where a wire projected into the exhausted 
space, than in Morgan's, where the induced elec- 
tricity was diffused over the surface of the glass. 
The smell which many metals, such as iron, tin, 
and zinc emit, and the so-called thermographic 
radiations, we can hardly explain upon any other 
theory than the evaporation of an infinitedmally 
small portion of the metal itself. 

So universal is the tendency of matter to diffuse 
itself into space, that it gave rise to the old saying 
that Nature abhors a vacuum ; an aphorism which, 
though cavilled at and ridiculed by the self-suffi- 
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ciency of some modem philosophers, contains in a 
terse, though somewhat metaphorical form of ex- 
pression, a comprehensive truth, and evinces a 
large extent of observation in those who, with 
few of the advantages which we possess, first 
generalised by this sentence the facts of which 
they had become cognisant. 

It has been argued that, if matter were capable 
of infinite divisibility, the earth's atmosphere would 
have no limit, and that, consequently, portions of 
it would exist at points of space where the attrac- 
tion of the sun and planets would be greater than 
that of the earth, and where it would fly off to those 
bodies and form atmospheres around them. This 
was supposed to be negatived by the argument of 
the well-knoAvn paper of Dr. WoUaston ; in which, 
from the absence of notable refraction near the 
margin of the sun and the planet Jupiter, he con- 
sidered himself entitled to conclude that the expan- 
sion of the earth's atmosphere had a definite limit, 
and was balanced at a certain point by gravitation : 
this deduction has been shown to be inconclusive 
by Dr. Whewell, and has also been impugned upon 
other grounds by Dr. Wilson. There is a point 
not adverted to in these papers, and which Wol- 
laston does not seem to have considered, viz., that 
there is no evidence that the apparent discs of the 
sun and of Jupiter show us their real discs or 
bodies. Sir W. Herschd regards the margin of 
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tbe visible discs as that of clouds or a peculiar 
state of atmosphere, and the rapidly changing 
character of the apparent surfaces renders some 
such conclusion necessary. If this be so, refiraction 
of an occulted star could not be detected, — at all 
events, in the denser portion of the atmosphere. 

Sir W. Herschel's observations go to prove that 
the sun and Jupiter have dense atmospheres, while 
Wollaston's were believed to prove that they have 
no appreciable atmospheres. 

If it be admitted, or considered proved, that ihe 
sun and planets have atmospheres— and little doubt 
now exists on this point — then the grounds upon 
which Wollaston founded his arguments are un- 
tenable ; and there appears no reason why the 
atmosphere of the different planets should not be, 
with reference to each other, in a state of equili- 
brium. Ether, or the higlily attenuated matter 
existing in the interplanetary spaces, being an ex- 
pansion of some or all of these atmospheres, or of the 
more volatile portions of them, would thus famish 
matter for the transmission of the modes of motion 
which we call light, heat, &c. ; and, possibly, 
minute portions of these atmospheres may, by 
gradual changes, pass from planet to planet, form- 
ins: a link of material communication between the 
distant monads of the universe. 

The view given above would approximate the 
theory of the transmission of light by the undula- 
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tions of ordinary matter to the other two theories, 
which equally suppose the non-existence of a 
vacuum ; for, according to the emissive or corpus- 
cular theory, the vacuum is filled by the matter 
itself, of light, heat, &c. ; according to the etherial, 
it is filled by the all-penetrating ether. Of the 
existence of matter in the interplanetary spaces 
we have some evidence in the diminishing periods 
of comets, and where, from its highly attenuated 
state, the character of the medium by which the 
forces are conveyed cannot be tested, the term 
ether is a most appropriate generic name for 
such medium. 

Newton has some curious passages on the sub- 
ject matter of light. In the " Queries to the Optics ; " 
he says:-—* 

" Are not gross bodies and light convertible into 
one another, and may not bodies receive much of 
their activity from tlie particles of light which 
enter their composition ? ♦ ♦ ♦ The changing 
of bodies into light and light into bodies is very 
conformable to the course of nature, which seems 
delighted with transmutations. Water, which 
is a very fluid, tasteless salt, she changes by heat 
into vapour, which is a sort of air, and by cold 
into ice, which is a hard, pellucid, brittle, fusible i 

stone, and this stone returns into water by heat, 
and vapour returns into water by cold. ♦ ♦ • 
And, among such various and strange transmuta- 
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tions, why may not nature change bodies into 
light, and light into bodies? " 

Newton has here seemingly in his mind the 
emissive theory of light; but the passages might 
be applied to either theory; the analogy he saw in 
the change of state of matter, as in ice, water, and 
vapour, with the hypothetic change into light, is 
very striking, and would seem to show that he 
regarded the change or transmutation of which he 
speaks as one analogous to the known changes of 
state, or consistence, in ordinary matter. 

The difference between the view which I am 
advocating and that of the etherial theory as 
generally enunciated is, that the matter which in 
the interplanetary spaces serves as the means of 
transmitting by its undulations light and heat, I 
should regard as possessing the qualities of ordi- 
naryj or as it has sometimes been called, gross 
matter, and particularly weight ; though, from its 
extreme rarefaction, it would manifest these pro- 
perties in an indefinitely small degree; whilst, 
on the surface of the earth, that matter attains a 
density cognisable by our means of experiment, 
and the matter is itself, in great part, the con- 
veyer of the undulations in which these agents 
consist. Doubtless, in very many of the forms 
which matter assumes it is porous, and pervaded 
by more volatile essences, which may differ as 
much in kind as matter does. In these cases a 
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composite medium, such as that indicated by 
Dr. Young, would result; but even on such a 
supposition, the denser matter would probably 
exercise the more important influence on the un- 
dulations. Returning to the somewhat strained 
hypothesis, that the particles of dense matter in a 
soH^alled solid are as distant as the stars in heaven, 
still a certain depth or thickness of such solid 
would present at every point of space a particle 
or rock in the successive progress of a wave, which 
particles, to carry on the movement, must vibrate 
in unison with it. 

At the utmost, our assumption, on the one hand, 
is, that wherever light, heat, &c. exist, ordinary 
matter exists, though it may be so attenuated that 
we cannot recognise it by the tests of other forces, 
such as gravitation, and to the expansibility of 
which no limit can be assigned. On the other 
hand, a specific matter without weight must be 
assumed, of the existence of which there is no 
evidence, but in the phenomena for the explanation 
of which its existence is supposed. To account 
for the phenomena the ether is assumed, and to 
prove the existence of the ether the phenomena 
are cited. For these reasons, and others above 
given, I think that the assumption of the univer- 
sality of ordinary matter is the least gratuitous. 
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AIagnetism, as was proved by the important dis- 
covery of Faraday, will produce electricity^ but 
with this peculiarity, — that in itself it is static; 
and, therefore, to produce a dynanuc force, modon 
must be superadded to it : it is, in fact, directive, 
not motive, altering the direction of other forces, 
but not; in strictness, initiating them. It is diffi- 
cult to convey a definite notion of the force of 
magnetism, and of the mode in which it affects 
other forces. The following illustration may give 
a rude idea of magnetic polarity. Suppose a 
number of wind-vanes, say of the shape of arrows, 
with the spindles on which they revolve arranged 
in a row, but the vanes pointing in various direc- 
tions: a wind blowing from the same point with 
an uniform velocity, -will instantly arrange these 
vanes in a definite direction, the arrow-heads or 
narrow parts pointing one way, the swallow-tails 
or broad parts another. If they be delicately sus- 
pended on their spindles, a very gentle breeze will 
so arrange them, and a very gentle breeze will 
again deflect them ; or, if the wind cease, and they 
have been originally subject to other forces, such 
as gravity from unequal suspension, they will 
return to irregiJar positions, themselves creating 
a slight breeze by their return. Such a state of 
things will represent the state of the molecules of 
soft iron ; electricity acting on them, — not, indeed, 
in straight lines, but in a definite direction, — pro- 
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duces a polar arrangement, which they will lose as 
soon as the dynamic inducing force is removed. 

Let us now suppose the vanes, instead of turn- 
ing easily, to be more stiffly fixed to the axles, so 
as to be turned with difficulty; it will require a 
stronger wind to move them and arrange them 
definitely ; but when so arranged, they will retain 
their position ; and should a gentle breeze spring 
up in another direction, it will not alter their 
position, but will itself be definitely deflected. 
Should the conditions of force and stability be 
intermediate, both the breeze and the vanes will be 
slightly defected; or, if there be no breeze, and the 
spindles be all moved in any direction, preserving 
their linear relation, they will themselves create a 
breeze. Thus it is with the molecules of hard 
iron or steel in permanent magnets ; they are 
polarised with greater difficulty, but, when so 
polarised, they cannot be affected by a feeble cur- 
rent of electricity. Again, if the magnets be 
moved, they themselves originate a current of 
electricity ; and, lastly, the magnetic polarity and 
the electric current may be both mutually affected, 
if the degrees of motion and stability be inter- 
mediate. 

The above instance, will, of course, be taken 
only as an approximation, and not as binding me 
to any closer analogy than is generally expected 
of a mechanical illustration. It is difficult to 
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convey by words a definite idea of the dual or 
antithetic character of force involved in the term 
polarity. The illustration I have employed may, 
I hope, somewhat aid in elucidating the manner in 
which magnetism acts on the other djmamic forces; 
t. e. definitely directing them, but not initiating 
them, except while in motion. 

Magnets being moved in the direction of lines 
joining their poles, produce electrical currents in 
such neighbouring bodies as are conductors of 
electricity, in directions transverse to the line of 
motion ; and if the direction of motion or the 
position of the magnetic poles be reversed,* the 
current of electricity flows in a reverse direction. 
So if the magnet be stationary, conducting bodies 
moved across any of the lines of magnetic force, 
t. e. lines in the direction of which the mutual 
action of the poles of the magnet would place 
minute portions of iron, have currents of electricity 
developed in them, the direction of which is de- 
pendent upon that of the motion of the substance 
^vith reference to the magnetic poles. Thus as 
bodies aflfected by an electrical current are defi- 
nitely moved by a magnet in proximity to them, 
so conversely bodies moved near a magnet have an 
electrical current developed in them. Magnetism 
can, then, through the medium of electricity, pro- 
duce heatj lights and chemical affinity. Motion it 
can directly produce under the above conditions ; 
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i. e. a magnet being itself moved will move other 
ferreous bodies: these will acquire a static con- 
dition of equilibrium, and be again moved when 
the magnet is also moved. By motion or arrested 
motion only,, could the phenomena of magnetism 
ever have become known to us. A magnet, how- 
ever powerful, might rest for ever unnoticed and 
unknown, unless it were moved near to iron, or 
iron moved near to it, so as to come within the 
sphere of its attraction. 

But even with other than either magnetic or 
electrified substances, all bodies will be moved 
when placed near the poles of very powerful 
magnets, — some taking a position axially, or in 
the line from pole to pole of the magnet ; others 
equatorially, or in a direction transverse to that 
line, — the former being attracted, the latter 
apparently repelled, by the poles of the magnet. 
These effects, according to the views of Faraday, 
show a generic difference between the two classes 
of bodies, magnetics and diamagnetics ; according 
to others, a difference of degree or a resultant of 
magnetic action ; the less magnetic substance 
being forced into a transverse position by the 
magnetisation of the more magnetic medium which 
surrounds it. 

According to the view given above, magnetism 
may be produced by the other forces, just as the 
vanes in the instance given are definitely deflected. 
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but cannot produce them except when in motion : 
motion, therefore, is to be regarded in this case as 
the initiative force. Magnetism will, however, 
directly affect the other forces — light, heat, and 
chemical affinity, and change their direction or 
mode of action, or, at all events, will so affect 
matter subjected to these forces, that their direc- 
tion is changed. Since these lectures were de- 
livered, Faraday has discovered a remarkable 
effect of the magnetic force in occasioning the 
deflexion of a ray of polarised light. 

If a ray of polarised light pass through water, 
or through any transparent liquid or solid which 
does not alter or turn aside the plane of polarisa- 
tion, and the column, say of water, through which 
it passes be subjected to the action of a powerful 
magnet, the line of magnetic force, or that which 
would unite the poles of the magnet, being in the. 
same direction as the ray of polarised light, 
the water acquires, with reference to the light, 
similar, though not quite identical, properties 
to oil of turpentine, — the plane of polarisation 
is rotated, and the direction of this rotation 
is changed by changing the direction of the 
magnetic force: thus, if we suppose a polarised 
ray to pass first in its course the north pole of the 
magnet, then between that and the south pole, it 
Avill be deflected, or curved to the right ; while if 
it meet the south pole first in its course, it will, in 
its journey between that and the north pole, be 
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turned to the left. If the substance through 
which the ray is transmitted be of itself capable of 
deflecting the plane of polarisation, as, for in- 
stance, oil of turpentine, then the magnetic influ- 
ence will increase or diminish this rotation, 
according to its direction. A similar effect to 
this is observed with polarised heat when the 
medium through which it is transmitted is sub- 
jected to magnetic influence. 

Whether this effect of magnetism is rightly 
termed an effect upon light and heat, or is a 
molecular change of the matter transmitting the 
light and heat, is a question the resolution of 
which must be left to the future ; at present, the 
answer to it would depend upon the theory we 
adopt. If the view of light and heat which I have 
stated be adopted, then we may fairly say that 
magnetism, in these experiments, directly affects 
the other forces ; for light and heat being, accord- 
ing to that view, motions of ordinary matter, 
magnetism in affecting these movements, affects 
the forces which occasion them. If, however, the 
other theories be adhered to, it would be more 
consistent with the facts to view these results as 
exhibiting an action upon the matter itself, and 
the heat and light as secondarily affected. 

When substances are undergoing chemical 
changes, and a magnet is brought near them, the 
direction or lines of action of the chemical force, 
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will be changed. There are many old experiments 
which probably depended on this effect, but which 
were erroneously considered to prove that perma- 
nent magnetism could produce or increase che- 
mical action: these have recently been extended 
by Mr. Hunt and Mr. Wartmann, and are now 
better understood. 

The above cases are applicable to the subject of 
the present essay, inasmuch as they show a rela- 
tion to exist between magnetic and the other 
forces, which relation is, in all probability, reci- 
procal; but in these cases there is not a pro- 
duction of light, heat, or chemical affinity, by 
magnetism, but a change in their direction or 
mode of action. 

There is, however, that which may be viewed as 
a dynamic condition of magnetism ; i. e. its condi- 
tion at the commencement and the termination, or 
during the increment or decrement of its devdop- 
ment. While iron or steel is being rendered 
magnetic, and as it progresses from its non* 
magnetic to its maximum magnetic state, or 
recedes from. its maximum to zero, it exhibits a 
dynamic force; the molecules are, it may be in- 
ferred, in motion. Similar effects can then be pro- 
duced to those which are produced by a magnet 
whilst in motion. 

An experiment which I published in 1845 
tends, I think, to illustrate this, and in some 
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degree to show the character of the motion 
impressed upon the molecules of a magnetic metal 
at the period of magnetisation. A tube filled 
with the liquid in which magnetic oxide of iron 
had been prepared, and terminated at each end by 
plates of glass, is surroimded by a coil of coated 
wire. To a spectator looking through this tube a 
flash of light is perceptible whenever the coil is 
electrised, and less light is transmitted when the 
electrical current ceases, showing a symmetrical 
arrangement of the minute particles of magnetic 
oxide while under the magnetic influence. 

In this experiment it should be borne in mind, 
that the particles of oxide of iron are not shaped 
by the hand of man, as would be the case with 
iron filings, or similar minute portions of magnetic 
matter, but being chemically precipitated, are of 
the fonn given to them by nature. 

While magnetism is in the state of change above 
described, it will produce the other forces ; but it 
may be said, while magnetism is thus progressive, 
some other force is acting on it, and therefore it 
does not initiate: this is true, but the same may 
be said of all the other forces; they have no 
commencement that we can trace. We must ever 
refer them back to some antecedent force equal in 
amount to that produced, and therefore the word 
initiation cannot in strictness apply) but must 
only be taken as signifying the force selected as 
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the first : this is another reason why the idea of 
abstract causation is inapplicable to physical pro- 
duction. To this point I shall again advert. 

Electricity may thus be produced directly by 
magnetism either when the inagnet as a mass is in 
motion, or when its magnetism is commencing, 
increasing, decreasing, or ceasing ; and heat may 
similarly be directly produced by magnetism. I 
have, since the first edition of this Essay was 
published, communicated to the Royal Society a 
paper by which I think I have satisfietctorily 
proved that whenever any metal susceptible of 
magnetism is magnetised or de-magnetised, its 
temperature is raised. This was sho^^m, first, by 
subjecting a bar of iron, nickel, or cobalt to the 
influence of a powerful electro-magnet, which was 
rapidly magnetised and de-magnetised in reverse 
directions, the electro-magnet itself bdng kept 
cool by cisterns of water, so that the magnetic 
metal subjected to the influence of magnetism was 
raised to a higher temperature than the electro- 
magnet itself, and could not, therefore, have 
acquired its increased temperature by conduction 
or radiation of heat from the electro-magnet; 
and secondly, by rotating a permanent steel 
magnet with its poles opposite to a bar of iron, a 
thermo-electric pile being placed opposite the 
latter. 

Dr. Maggi covered a plate of homogeneous soft 
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iron with a thin coating of wax mixed Avith oil, a 
tube traversed the centre through which the 
vapour of boiling water was passed. The plate is 
made to rest on the poles of an electro-magnet 
with card interposed. When the iron is not mag- 
netised, the melted wax assumes a circular form, 
the tube occupying the centre, but when the 
electro-magnet is put in action, the curve marking 
the boundary of the melted substance changes its 
form and becomes elongated in a direction trans- 
verse to the line joining the poles, showing that the 
conducting power of the iron for heat is changed 
by magnetisation. 

Thus we get heat produced by magnetism and 
the conduction of heat altered- by it in a direction 
having a definite relation to the direction of 
the magnetism. Is it necessary to call in aid 
ether or the substance * caloric * to explain these 
results ? is it not more rational to regard the 
calorific efiects as changes in the molecular 
arrangements of the matter subjected to mag- 
netism ? 

There is every probability that magnetism, in 
the d3mamic state, either when the magnet is in 
motion, or when the magnetic intensity is varying, 
-will also directly produce chemical affinity and 
light, though, up to the present time, such has not 
been proved to be the case; the reciprocal effect, 
also, of the direct production of magnetism by 
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light and heat has not yet been experimentally 
established. 

I have used, in contradistinction, the terms 
dynamic and static to represent the different states 
of magnetism. The applications I have made of 
these terms may be open to some exception, but I 
knoAV of no other words which will so nearly ex* 
press my meaning. 

The static condition of magnetism resembles 
the static condition of other forces : such as the 
state of tension existing in the beam and cord of a 
balance, or in a charged Leyden phiaL The old 
dej&nition of force was, that whicb caused change 
in motion ; and yet even this definition presents a 
difficulty : in a case of static equilibrium, such, for 
instance, as that which obtains in the two arms of 
a balance, we get the idea of force without any 
palpable apparent motion : whether there be really 
an absence of motion may be a doubtful question, 
as such absence would involve in this case perfect 
elasticity, and, in all other cases, a stability which, 
in a long course of time, nature generally nega- 
tives, showing, as I believe, an inseparable con- 
nection of motion with matter, and an impossibility 
of a perfectly immobile or durable state. So with 
magnetism: I believe no magnet can ey^st in an 
absolutely stable state, though the duration of its 
stability will be proportionate to its original reidst* 
ance to assuming a poln;nsed condition. Tliis, 

M 






162 COBRSLATION OF PHYSICAL FOBCES. 

hoT^ever, most be taken merely as a matter of 
opinion : Tre have, in support of it, the general fact 
that magnets do deteriorate in the course of years ; 
and we have the further general fact of the insta- 
bili^, or fluxional state, of all nature, when we 
have an opportunity of fairly investigating it at 
different and remote periods : in many cases, how- 
ever, the action is so slow that the changes escape 
human observation, and until this can be brought 
to bear over a proportionate period of time, the 
proposition cannot be said to be experimentally or 
inductively proved, but must be left to the mental 
conviction of those who examine it by the light of 
already acknowledged facts. 

An cases of static force present the same dif- 
ficulty: thus, two springs pressing against each 
other woold be said to be exercising force ; and yet 
there is no resulting action, no heat, no light, &c. 

So if gas be compressed by a piston, at the time 
of compression heat is given off; but when this is 
abstracted, although the pressure continues, no 
further heat is eliminated. Thus, by an equilibrium 
produced by opposing forces, motion is locked up, 
or in abeyance, as it were, and may be again 
developed when the forces are relieved from the 
tension. 

As witb heat, light, and electricity, the daily 
accumulating observations tend to show that each 
change in the phenomena to which these names 
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are ^ven is accompanied by a change either tern* 
poraiy or permanent in the matter affected hj them ; 
so many recent experiments on magnetism have 
connected magnetic phenomena with a molecular 
change in the subject matter. Thus M. Werthdm 
has shown that the elasticity of iron and steel is 
altered by magnetisation; the co-efficient of elasti- 
city in iron being temporarily, in steel permanently 
diminished* 

He has also examined the effects of torsion upon 
magnetised iron, and concludes, from his experi- 
ments, that in a bar of iron arrived at a state of 
magnetic equilibrium, temporary torsion diminishes 
the magnetism, and that the untwisting or return 
to its primitive state restores the original degree 
of magnetisation* 

M. Guillemin observed that a bar slightly curved 
by its own weight is straightened by being mag- 
netised. Mr. Page and Mr. Marrion discovered 
that a sound is emitted when iron or steel is 
rapidly magnetised or demagnetised ; and Mr. Joule 
found that a bar of iron is slightly elongated by 
magnetisation. 

Again, with regard to diamagnetic bodies, M. 
Matteucci found that the mechanical compression 
of glass altered the rotatory power upon a ray of 
polarised light which it transmitted. He further 
considered that a change took place in the temper 
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of portions of glass which he submitted to the 
influence of powerful magnets. 

The same arguments which have been submitted 
to the reader as to the other affections of matter 
being modes of molecular motion, are therefore 
equally applicable to magnetism. 

Chemical Affinity, or the force by which dis- 
similar bodies tend to unite aad form compounds 
differing generally in character from their con- 
stituents, is that mode of force of which the human 
mind has hitherto formed the least definite idea. 
The word itself — affinity — is ill chosen, its mean- 
ing, in this instance, bearing no analogy to its 
ordinary sense ; aad the mode of its action is con- 
veyed by certain conventional expressions, no 
dynamic theory of it worthy of attention having 
been adopted. Its action so modifies aad alters 
the character of matter, that the changes it induces 
have acquired, not perhaps very logically, a generic 
contradistinction from other material changes, and 
we thus use, as contradistinguished, the terms 
physical and chemicaL 

The main distinction between chemical affinity 
and physical attraction or aggregation, is the 
difference of character of the compound from the 
components. This is, however, but a vague line 
of demarcation; in many cases, which would be 
classed by all as chemical actions, the change of 
character is but slight ; in others, as in the effects 
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of neutralisatioDi the difference of character would 
be a result which would equally foUow firom 
physical attraction of dissimilar substances, the 
previous characters of the constituents depending 
upon this very attraction or affinity : thus an acid 
corrodes because it tends to unite with another 
body;. when united, its corrosive power, i.e. its 
tendency to unite, being satiated, it cannot, so to 
speak, be further attracted, and it necessarily loses 
its corrosive power. But there are other cases 
where no such result could h priori be antidpated, 
as where the attraction or combining tendency of 
the compoimd is higher than that of any of its 
constituents : thus, who could, by physdcal reason- 
ing, anticipate a substance like nitric acid from the 
combination of nitrogen and oxygen? 

The nearest approach, perhaps, that we can form 
to a comprehension of chemical action, is by re- 
garding it (vaguely perhaps) as a molecular attrac- 
tion or motion. It will directly produce motion of 
definite masses, by the resultant of the molecular 
changes it induces : thus, the projectile effects of 
gunpowder maybe cited as familiar instances of 
motion produced by chemical action. It may be a 
question whether, in this case, the force which 
occasions the motion of the mass is a conversion of 
the force of chemical affinity, or whether it is not, 
rather, a liberation of other forces existing in a 
state of static equilibrium; but, at all events, 
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through the medium of electricity chemical affinity 
may be directly and quantitatively converted into 
the other modes of force. By chemical affinity, 
then, we can directly produce eledtricity ; this latter 
force was, indeed, said by Davy to*^ be chemical 
affinity acting on masses : it appears, rather, to be 
chemical affinity acting in a definite direction 
through a chain of particles ; but by no definition 
can the exact relation of chemical affinity and 
electricity be expressed; for the latter, however 
closely related to the former, yet exists where the 
former does not, as in a metallic wire, which, when 
electrified, or conducting electricity, is, neverthe* 
less, not chemically altered, or, at least, not known 
to be chemically altered. 

Yolta, the antitype of Prometheus, first enabled 
us definitely to relate the forces of chemistry and 
electricity. When two* dissimilar metals in contact 
are immersed in a liquid belonging to a certain 
class, and capable of acting chemically on one of 
them, what is termed a voltaic circuit is formed, 
and, by the chemical action, that peculiar mode of 
force called an electric current is generated, which 
circulates from metal to metal, across the liquid, 
and through the points of contact. 

Let us take as an instance of the conversion of 
chemical force into electrical, the following, which 
I made known some years ago. If gold be im- 
mersed in hydrochloric acid, no chemical acdon 
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takes place. l£ gold be immersed in nitric tuud, 
no chemical action takes place; but mix the two 
acids, and the immersed gold is chemically attacked 
and dissolved : this is an ordinary chemical action^ 
the result of a double chemical affinity. In hydro- 
chloric add, which is composed of chlorine and 
hydrogen, the affinity of chlorine for gold being 
less than its affinity for hydrogen,* no change takes 
place; but when the nitric acid is added, this 
latter containing a great quantity of o^gen in a 
state of feeble combination, the affinity of oxygen 
for hydrogen opposes that of hydrogen for chloiine, 
and then the affinity of the latter for gold is 
enabled to act, the gold combines ynth the chlorine, 
and chloride of gold remains in solution in the 
liquid. Now in order to exhibit this chemical 
force in the form of electrical force, . instead of 
nuxing the liquids, place them in separate vessels 
or compartments, but so that they may be in 
contact, which may be effected by having a porous 
material, such as unglazed porcelain, amianthus, &C4, 
between them. Immerse in each of these liquids a 
strip or wire of gold : as Jong as these pieces of 
gold remain separated, no chemical or electrical 
effect takes place ; but the instant they are brought 
into metallic contact, either immediately or by 
connecting each with the same metallic wire, 
chemical action takes place, — the gold in the 
hydrochloric acid is dissolved, electrical action 
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also takes place, the nitric acid is deoxidised by 
the transferred hydrogen, and a current of elec- 
tricity may be detected in the metals or con- 
necting metal, by the application of a galvano- 
meter or any instrument appropriate for detecting 
such effect. 

There are few, if any, chemical actions which 
cannot be experimentally made to produce elec- 
tricity: the oxidation of metals, the burning of 
combustibles, the combination of oxygen and 
hydrogen, &c., may all be made sources of elec- 
tricity. The common mode in which the electri- 
city of the voltaic battery is generated is by the 
chemical action of water upon zinc ; this action is 
increased by adding certain acids to the water, 
which enable it to act more powerfully upon the 
zinc, or in some cases act themselves upon it ; and 
one of the most powerful chemical actions known 
— that of nitric acid upon oxidable metals — is 
that which produces the most powerful voltaic 
battery, a combination which I made known in 
the year 1839: indeed, we may safely say, that 
when the chemical forca is utilised, or not wasted, 
but all converted into electrical force, the more 
powerful the chemical action, the more powerful is 
the electrical action which results. 

If, instead of employing manufactured products 
or educts, such as zinc and acids, * we could realise 
as electricity the whole of the chemical force 
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which is active in the combustion of cheap and 
abundant raw materials, such as coal, wood, fietti 
&c., with air or water, we should obtain one of 
the greatest pnu^tical desiderata, and have at our 
command a mechanical power in every respect 
superior in its applicability to the steam-engine. 

I have lately shown * that the flame of the 
common blowpipe gives rise to a very marked 
electiical cun*ent, capable not only of affecting the 
galvanometer, but of producing chemical decom- 
position : two plates or coils of platinum are 
placed, the one in the portion of the flame near 
the orifice of tlie jet, or at the points where 
combustion commences, the other in the full 
yellow flame where combustion is at its maximum ; 
this latter should be kept cool, to enable a thermo- 
electric current, which is produced by the different 
temperature of the platinum plates, to co-operate 
with the flame current; wires attached to the 
plates of platinum form the terminals or poles. 
By a row of jets a flame battery may be formed, 
yielding increased effects; but in these experi* 
ments, though theoretically interesting, so small a 
fraction of the power, actually at work in the com- 
bustion, has been thrown into an electrical form, 
that there is no immediate promise of a practical 
result. 

The quantity of the electrical current, as 
measured by the quantity of matter it acts upon 
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in its different phenomenal effects, is proportionate 
to the quantity of chemical action which generated 
it; and its intensity, or power of overcoming 
resistance, is also proportionate to the intensity of 
chemical affinity when a single voltaic pair is 
employed^ or to the number of reduplications 
when the well-known instrument called the voltaic 
battery is used. 

The mode in which the voltaic current is in- 
creased in intensity by these' reduplications, is in ;, 

itself a striking instance of the mutual relations 
and djuanuc analogies of different forces. Let a { 

plate of zinc or other metal possessing a strong i 

affinity for oj^gen, and another of platinum or 
other metal possessing little or no affinity for 
o^gen, be partially immersed in a vessel. A, con- 
taining dilute nitric acid, but not in contact with 
each other; let platinum wires touching each of 
these plates have their extremities immersed in 
another vessel, B, containing also dilute nitric 
acid : as the acid in vessel A is decomposed by the 
chemical affinity of the zinc for the oxygen of the 
acid, the acid in vessel B is also decomposed, 
oxygen appearing at the extremity of the wire 
which is connected with the platinum : the chemi- 
cal power is conveyed or transferred through the 
wires, and, abstracting certain local effects for every 
unit of oxygen which combines with it in the one 
vessel an unit of oxygen is evolved from the 
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platinam wire in the other. The platinum wire is 
thus thrown into a condition analogous to zinc, or 
has a power given to it of determining the oxygen, 
of the liquid to its surface, though it cannot, as is 
the case with zinc, combine with it under similar 
circumstances. J£ we now substitute for the pla- 
tinum wire which was connected with the platinum 
plate, a zinc wire, we have in addition to the 
determining tendency by which the platinum was 
affected, the chemical affinity of the o^gen in 
vessel B for the zinc wire: thus we have, added to 
the force which was ori^nally produced by the 
zinc of the combination in vessel A, a second force, 
produced by the zinc in vessel B, co-operating 
\vith the first ; two pairs of zinc and platinum thus 
connected produce, therefore, ^ more intense effect 
than one pair; and if we go on adding to these 
alternations of zinc, platinum, and liquid, we 
obtain an indefinite exaltation of chemical power, 
just as in mechanics we obtain accelerated motion 
by adding fresh impulses to motion idready gene- 
rated. 

The same rule of proportion which holds good in 
chemical combinations also obtains in electrical ef- 
fects, when these are produced by chemical actions. 
Dalton and others proved that the constituents of a 
vast number of compound substances always bore 
a definite quantitative relation to each other : thus, 
water, which consists of one part by weight of 
hydrogen imited to eight parts of oxygen, cannot 
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be formed by the same elements in any other than 
these proportions; you can neither add to nor 
subtract from the normal ratio of the elements, 
without entirely altering the nature of the com- 
poimd. Further, if any element be selected as 
unity, the combining ratios of other elements wiU 
bear an invariable quantitative relation to that and 
to each other : thus, if hydrogen be chosen as 1, 
o^gcn will be 8, chlorine will be 36; that is, 
oxygen Avill unite with hydrogen in the propor- 
tion of 8 parts by weight to 1, while chlorine 
will unite with hydrogen in the proportion of 
36 to 1, or with oxygen in the proportion of 
36 to 8. Numbers expressing their combining 
weights, which are thus relative, not absolute, 
may, by a conventional assent as to the point of 
unity, be fixed for all chemical reagents; and, 
when so fixed^ it will be found that bodies gene- 
rally unite in those proportions, or in simple 
multiples of them: these proportions are termed 
Equivalents. . 

Now a voltaic battery, which consists usually of 
alternations of two metals, and a liquid capable of 
acting chemically upon one of them, has, as we 
have seen, the power of producing chemical action 
in a liquid connected with it by metals upon which 
this liquid is incapable of acting : in such case the 
constituents of the liquid will be eliminated at the 
surfaces of the immersed metals, and at a distance 
one from the other. For example, if the t* ^ 
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platinum terminals of a voltaic battery be im- 
mersed in water, oxygen will be evolved at one 
and hydrogen at the other terminal, exactly in the 
proportions in which they form water; while, to 
the most minute examination, no action is per- 
ceptible in the intervening stratum of liquid* It 
was known before Faraday's time that, while this 
chemical action was going on in the subjected 
liquid, a chemical action was going on in the ceQs 
of the voltaic battery ; but it was scarcdy if at all 
known that the amount of chemical action in the 
one bore a constant relation to the amount of 
action in the other. Faraday proved that it bore 
a direct equivalent relation : that is, supposing the 
battery to be formed of zmc, platiniun, and water, 
the amount of oxygen which united with the zinc 
in each cell of the battery was exactly equal to the 
amount evolved at the one platinum terminal, 
while the hydrogen evolved from each platinum 
plate of the battery was eq\ial to the hydrogen 
evolved from the other platinum terminal. 

Supposing the battery to be charged with hydro- 
chloric acid, instead of water, while the terminals 
are separated by water, then for every 36 parts 
by weight of chlorine which united with each plate 
of zinc, eight parts of oxygen would be evolved 
from one of the platinum terminals: that is, the 
weights would be precisely in the same relation 
which Dalton proved to exist in their chemicid 
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combining weights.^ This may be extended to all 
liquids capable of being decomposed by the voltiuc 
force, thence called EUctrolytea : and as no voltaic 
effect is produced by liquids incapable of being 
thus decomposed, it follows that voltaic action is 
chemical action taking place at a distance, or 
transferred through a chain of media, and that the 
chemical equivalent numbers are the exponents of 
the amoimt of voltaic action for corresponding 
chemical substances. 

As heat, light, magnetism, or motion, can be 
produced by the requisite application of the electric 
current, and as this is definitely produced by 
chemical action, we get these forces very defi- 
nitely, though not immediately, produced by chem- 
ical action. Let us, however, here inquire, as we 
have already done with respect to the other forces, 
how far other forces may directly emanate from 
chemical affinity. 

Heat is an immediate product of chemical affi- 
nity. I know of no exception to the general 
proposition that all bodies in chemically combining 
produce heat ; i. e. if solution be not considered as 
chemical action, and even in that case, when c^ld 
results, it is from a change of consistence, as from 
the solid to the liquid state, and not from chemical 
action. 

We shall find that the same view of the ex- 
penditure of force which we have considered in 
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treating of .latent heat holds good as to the ex- 
penditure of chemical force when regarded with 
reference to the amount of heat or repulsive force 
which it engenders, the chemical force being here 
exhausted by mechanical expandon — that is, by 
heat. Thus, in the chemical action of the ordi- 
nary combustion of coal and oxygen, the expen- 
diture of fuel will be in proportion to the ex- 
pansibility of the substances heated ; water passing 
freely into the state of steam will consume more 
fuel than if it be confined and kept at a tem- 
perature above its boiling point. 

Why chemical action produces heat, or what 
is the action of the molecules of matter when 
chenucaUy uniting, is a question upon which many 
theories have been proposed and wluch may pos- 
sibly be never more than approximately resolved. 

Some authors explain it by the condensation 
which takes place; but this will not account for 
the many instances where, from the liberation of 
gases, a great increase of voliune ensues upon 
chemical combustion, as in the familiar instance of 
the explosion of gunpowder : others explain it as 
resulting from the union of atmospheres of positive 
and negative electricity which are assumed to 
surround the atoms of bodies ; but this involves 
hypothesis upon hypothesis. Dr. Wood has lately 
thrown out a view of the heat of chemical action 
wliich is more in accordance with a dynamic 
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theory of heat, and as such demands some notice. 
Starting with his proposition, wluch I have men- 
tioned p. 55., ^Hhat the neai-er the particles of 
bodies are to each other the less they require to 
move to produce a given motion in the paiticles 
of another body," his argument, if I rightly under- 
stand it, assumes soitiething of this form. 

In the mechanical approximation of the particles 
of a homogeneous body heat results ; the particles 
a a of the body A would, by their approximation, 
produce expansion in the neighbouring body B, 
the more so in proportion as they themselYes were 
previously nearer to. each other. In chemically 
combining, a a the particles of A are brought into 
very close proximity with b b the particles of B ; 
heat should therefore result, and the greater 
because the proximity may fairly be assumed to 
be greater in the case of chemical combination 
than in that of mechanical compression. In cases, 
then, where there is no absolute diminution of 
bulk ensuing on chemical combination, if the 
greater proximity of the combining particles be 
such that the correlative expansion ought to be 
greater (if there were no chemical combination) 
than that occupied by the total volume of the new 
compound, an extra expanding power is evolved, 
and heat or expansion ought to be produced in 
surrounding bodies. In other words, if a a could 
be brought by physical attraction as near each 
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other as they are by chemical attraction brought 
near to b by they would, from their increased 
proximity, produce an expandve power ultra the 
volume occupied by the actual chemical compound 
A and B. The question, however, immediately 
occurs, why should the volume of the compound 
be limited and not occupy the full space equivalent 
to the expanding power induced by the contraction 
or approximation of the particles. As the distance 
of the particles is the resultant of the contending 
contracting and expanding powers, this result 
ought to express itself in terms of the actual 
voliune produced by the combination, which it 
certainly does not. 

Though I see some difficulties in Dr. Wood's 
theory, and perhaps have not rightly conceived it^ 
his views have to my mind great interest, his 
mode of regarding natural phenomena being ^ana- 
logous to that which I have in this essay, and 
for many years, advocated, viz. to divest physical 
science as much as possible of hypothetic fluidS| 
ethers, latent entities, occult qualities, &c. My 
own notion of the heat produced by chemical 
combination, though I scarcely dare venture an 
opinion upon a subject so controverted, is, that it 
is analogous to the heat of friction, that the 
particles of matter in close approximation and 
rapid motion inter se evolve heat as a continuation 
of the motion interrupted by the friction or in- 
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tcstinal motion of the particles : heat would thus 
be produced, whether the resulting compound 
were of greater or less bulk than the sum of the 
components ; though of course when the compound 
is of greater bulk less heat would be apparent in 
neighbouring bodies, the expansion taking place in 
one of the substances themselves — I say in one 
of them, for it is stated in books of authority that 
there is no instance of two or more solids or 
liquids, or a solid and a liquid, combining and 
producing a compound wMch is entirely gaseous 
at ordinary temperatures and pressures. The sub- 
stance gun-cotton, however, discovered by Dr. 
Schoenbein, very nearly realises this proposition. 

Dr. Andrews has arrived at the conclusion, after 
careful experiment, that in chemical combinations 
where acids and alkalies or analogous substances 
are employed, the amount of heat produced is 
determined by the basic ingredient, and his experi- 
ments have received general assent ; although it 
should be stated that M. Hess arrived at contrary 
results, the acid constituent according to his ex- 
periments furnishing the measure of the heat 
developed* 

Light is directly produced by chemical action, 
as in the flash of gunpowder, the burning of phos- 
phorus in oxygen gas, and all rapid combustions : 
indeed, wherever intense heat is developed, light 
accompanies it. In many cases of slow combustion. 
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such as the phenomena of phosphorescence, the 
light is apparently much more intense than the 
heat ; the former being obvious, the latter so diffi- 
cult of detection that for a long time it was a 
question whether any heat was elinunated ; and I 
am not aware that, at the present day, any thermic 
effects from certain modes of phosphorescence, such 
as those of phosphorescent wood, putrescent fish, 
&c., have been detected. 

Chemical action produces mcupetum whenever 
it is thrown into a definite direction, as in the 
phenomenon of electrolysis. I may adduce the 
gas voltaic battery, as presenting a simple instance 
of the direct production of magnetism by chemical 
sjTithesis. Oxygen and hydrogen in that combi- 
nation chemically unite ; but instead of combining 
by intimate molecular admixture, as in the ordi- 
nary cases, they act upon water, i. e. combined 
oxygen and hydrogen,- placed between them so as 
to produce a line of chemical action ; and a magnet 
adjacent to this line of action is deflected, and 
places itself at right angles to it. What a chain 
of molecules does here, there can be no doubt all 
the molecules entering into combination would 
produce in ordinary chemical actions ; but in such 
cases, the direction of the lines of combination 
being irregular and confused, there is no general 
resultant by which the magnet can be affected. 
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What the exact nature of the transference of 
chemical power across an electrolyte is, we at 
present know not, nor can we form any more defi- 
nite idea of it than that given by the theory of 
Grotthus. We have no knowledge as to the exact 
nature of any mode of chemical action, and, for 
the present, must leave it as an obscure action of ^ 

force, of which future researches may simplify our 1 

apprehension. ' 

The doctrine of definite combining proportions, 
which so beautifully serves to relate chemistry to 
voltaic electricity led to the atomic theory, which, 
though adopted in its universality by a large 
majority, of chemists, presents great difficulties 
when extended to all chemical combinations. 

The equivalent ratios in which a great number 
of substances chemically combine, holds good in so 
many instances, that the atomic doctrine is believed 
by many to be universally applicable, and called a 
law; and yet, when followed in the combinations 
of substances whose mutual chemical attractions 
are very feeble, the relation fades away, and is 
sought to be recovered by applying a separate and 
arbitrary multiplier to the different constituents. 

Thus, when it was found that a vast number 
of substances combined in definite volumes and 
weights, and in definite volumes and weights only, 
it was. argued that their ultimate molecules or 

atoms had a definite size, as otherwise there was 
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no apparent reason why this equivalent ratio 
should hold good : why, for instance, water should 
only be formed of two volumes or one unit by 
weight of hydrogen, and of one volume or eight 
units by weight of oxygen; why, unless there 
were some ultimate limits to the divisibilily of its 
molecules, should not water, 6r a fluid substance 
approximating to water in character, be formed by 
a half; a third, or a tenth part of hydrogen, with 
eight parts of oxygen? 

It was perfectly consistent with the atomic view 
that a substance might be formed with one part 
combined with eight parts, or with nxteen, or 
with twenty-four, for in such a substance there 
would be no subdivision of the (supposed indi- 
visible) molecule ; and this held good with many 
compounds; thus fourteen parts by weight, say 
grains of nitrogen, will combine respectively with 
eight, sixteen, twenty-four, thirty-two, and forty 
parts by weight, or grains, of oxygen. 

So, again, twenty-seven grains of iron will com- 
bine with eight grains of oxygen or with twenty- 
four grains, i. e. three proportionals of oxygen. 
No compound is known in which twenty-seven 
grains of iron will combine with two proportionals 
or sixteen grains of oxygen; but this does not 
much affect the theory, as such a compound may 
be yet discovered, or there may be reasons at 
present unknown why it cannot be formed. 
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But now comes a difficulty : twenty-seven parts 
by weight of iron wiU combine with twelve parts 
by weight of oxygen, and twenty-seven parts of 
iron will also combine with ten and two-third 
parts of osygen. Thus if we retain the unit of 
iron we must subdivide the unit of oxygen, or if 
we retain the unit of oxygen we must subdivide 
the unit of iron, or we must subdivide both by a 
different divisor. What then becomes of the notion 
of an atom or molecule phy^cally indivisible? 

If iron were the only substance to which tlus 
difficulty applied, it might be viewed as an unex- 
plained exception, or as a mixture of two oxides ; 
or recourse might be had to a more minute sub- 
division to form the units or equivalents of other 
substances; but numerous other substances fall 
under a similar category; and in organic combi- 
nations, to preserve the atomic nomenclature we' 
must apply a separate multiplier or divisor to far 
the greater number of the elementary constituents, 
t. e. we must divide that which is, ex hypothesis 
indivisible. 

Thus, to take a more complex substance than 
any formed by the combination of iron and oxy- 
gen, let us select the substance albumen, composed 
of carbon, hydrogen, nitrogen, oxygen, phosphorus, 
and sulphur. In this case we must either divide 
the atoms of phosphorus and sulphur so as to 
reduce them to small fractions, or multiply the 
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atoms of the other substances by extravagant 
numbers ; thus to preserve the unit of one of the 
constituents of this substance, chemists say it is 
composed of 400 atoms of carbon, 310 of hydrogen, 
120 of oxygen, 50 of nitrogen, 2 of sulphur, and 
1 of phosphorus. This is a somewhat extreme 
case, but similar difficulties will be found in diiSer-' 
ent degrees to prevail among organic compounds ; 
in very many no constituent con be taken as a 
unit to which simple multiples of any of the others 
>vill give their relative proportions. By the mode 
of notation adopted, if any conceivable substance 
be selected, it could, whatever be the proportions of 
its constituents, be termed atomic. A solution of 
an ounce of sugar in a pound of water, in a pound 
and a half, in a pound and a quarter, in a pound 
and a tenth, might be expressed in an atomic form, 
if we select arbitrarily a multiplier or divisor. 

It is true that in the case of solution, different 
proportions can be united up to the point of satu* 
ration without any difference in the character of 
the compound, though the same may be predicated 
to some extent of an acid and an alkali; but even 
where the steps are sudden, and compounds only 
exist Avith definite proportions, they cannot in a 
multitude of cases be reconciled with the true idea 
of an atomic combination, i. e. one to one, one to 
two, &c. 

Although, therefore, nature presents us vrith facts 
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which show that there is some restrictive law of 
combination which in numerous cases limits the 
ratios in which substances wiU combine, nay, 
further, shows many instances of a proportion 
between the combining weights of one compound 
and those of another; although she shows also a 
remarkable simplicity in the combining volumes of 
numerous gases, she also gives numerous cases to 
which the doctrine of atomic combinations cannot 
f fdrly be applied. 

That there must be something in the constitu- 
tion of matter, or in the forces which act on it, to 
account for the per solium manner in which che- 
mical combinations take place, is inevitable; but 
the idea of atoms docs not seem satisfactorily to 
account for it. 

By selecting a separate multipUer or divisor, 
chemists may denote every combination in terms 
derived from the atomic theory; but they have 
passed from the original law, which contemplated 
only definite multiples, and the very hypothetic 
expressions of atoms, which the apparently simple 
relations of combining weights first led them to 
adopt ; they are obliged to vary and to contradict 
in terms, by dividing that which their hypothesis 
and the expression of it assumed to be indivisible. 

While, therefore, I fully recognise a great natu- 
ral truth in the definite ratios presented by a vast 
number of chemical combinations, and in the per 
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saltum steps in which nearly all take placci I 
cannot accept as an argument in favour of an 
atomic theory, those combinations which are made 
to support it by the application of an arbitrary 
notation. 

A similar straining of theory seems gradually 
obtaining in regard to the doctrine of compound 
radicals. The discovery of cyanogen by (jay- 
Lussac was probably the first inducement to the 
doctrine of compound radicals; a doctrine which 
18 now generally, perhaps too generally, received 
in organic chemistry. As, in the case of cyanogen, 
a body obviously compound discharged in almost 
all its reactions the functions of an element, so in 
many other cases it was found that compound 
bodies in which a great number of elements existed, 
might be regarded as binary combinations, by 
considering certain groups of these elements as a 
compound radical ; that is, as a simple body when 
treated of in relation to the more complex sub- 
stances of which it forms part, and only as non- 
elementary when referred to its internal consti- 
tution. 

Undoubtedly, by approximating in theory the 
reactions of inorganic and of organic chemistry, by 
keeping the mind within the limits of a beaten 
path, instead of allowing it to wander through a 
maze of isolated facts, the doctrine of compound 
radicals has been of semce; but, on the other 
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hand^ the indefinite variety of changes which may 
be rung upon the composition of an organic sub- 
stance, by different associations of its primary 
elements, makes the binary constituents vary as 
the minds of the authors who treat of them, and 
makes their grouping depend entirely upon the 
strength of the analogies presented to each indi- 
vidual mind. From this cause, and from the ex- 
treme license which has been taken in theoretic 
groupings deduced from this doctrine, a serious 
question arises whether it may not ultimately, un- 
less carefully restricted, produce confusion rather 
than simplicity, and be to the student an embar- 
rassment rather than an assistance. 

Catalysisy or the chemical action induced by the 
mere presence of a foreign body, embraces a class 
of facts which must considerably modify many of 
our notions of chemical action : thus oxygen and 
hydrogen, when mixed in a gaseous state, will re- 
main unaltered for an indefinite period; but the 
introduction to them of a slip of clean platinum 
will cause more or less rapid combination, without 
being in itself in any respect altered. On the 
other hand, oxygenated water, which is a com- 
pound of one equivalent of hydrogen plus two of 
oxygen, will, when under a certain temperature, 
remain perfectly stable; but touch it with plati- 
num in a state of minute division, and it is in- 
stantly decomposed, one equivalent of oxygen 
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being set free. Here, again, the platinum is un- 
altered, and thus we have syndieds ajid analjns 
effected apparently by the mere contact of a fordgn 
body. It h not improbable &at the increased 
electrolytic power of water by the addition of 
some acids, such as the sulphuric and phosphoiic, 
where the acids themselves are not decomposed, 
depends upon a catalytic effect of these adds; 
but we know too littie of the mture and rationale 
of catalysis to express any coofident opinion on 
its modes of action, and possably we may com- 
prehend very different molecular actions under 
one and the same name. In no case does cata- 
lysis yield us new power or force: it only de* 
termines cr facilitates the action of chemical 
force, and, therefore, is no creation of force by 
contact. 

The force so developed by catalysis may be con- 
verted into a voltaic form thus: in a single pair of 
the gas battery above alluded to, one portion of a 
strip of platinum is immersed in a tube of oxy- 
gen, the oiher in one of hydrcgen, both the gases 
and the extremities of the platinum being con- 
nected by water or other electrolyte; a voltaic 
combination is thus formed, and electricity, heat, 
light, magnetism, and motion, produced at the will 
of the experimenter. 

In this combination we have a striking instance 
of correlative expansions and contractions, analo- 
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gous, though in a much more refined form, to the 
expansions and contractions by heat and cold de- 
tailed in the early part of this essay, and illustrated 
by the alternations of two bladders partially fiUed 
with air: thus, as by the effect of chemical combi- 
nation in each pair of tubes of the gas battery the 
gases oxygen and hydrogen lose their gaseous cha* 
racter and shrink into water, so at the platinum 
terminals of the battery, when immersed in water, 
water is decomposed, and expands into oxygen and 
hydrogen gases. The correlate of the force which 
changes gas into liquid at one point of space, 
changes liquid into gas at another, and the exact 
volume which disappears in the one place reappears 
in the other; so that it would appear to an inex- 
perienced eye as though the gases passed through 
solid wires. 

Gravitation, inertia, and aggregation, were but 
cursorily alluded to in my original lectures ; their 
relation to the other modes of force seemed to be 
less definitely traceable ; but the phenomenal effects 
of gravitation and inertia, being motion and resbt- 
ance to motion, in considering motion I have in 
some degree included their relations to the other 
forces. 

Mosotti has mathematically treated of the iden- 
tity of gravitation with cohesive attraction, and 
Plilcker has recently succeeded in sho^ving that 
crystalline bodies are definitely affected by mag- 



OTHER M0DB8 OF FOBCS. 189 

netism, and take a position in relation to the lines 
of magnetic force dependent upon their optical 
axis or axis of symmetry. 

What is termed the optic axis is a fixed direction 
through crystals, in which they do not doubly re^ 
fract light, and which direction, in those crystals 
which have one axis of figure, or a line around 
which the figure is symmetrical, is parallel to the 
axis of symmetry. When submitted to magnetic 
influence such crystals take up a position, so that 
their optic axis points diamagnetically or trans- 
versely to the lines of magnetic force; and when, 
as is tiie case in some crystals, there is more than 
one optic axis, the resultant of these axes points. 
diamagnetically. The mineral cyanite is influenced 
by magnetism in so marked a manner that when 
suspended it will arrange itself definitely with re- 
ference to the direction of terrestrial magnetism, 
and may, according to Plucker, be used as a com- 
pass-needle. 

There is scarcely any doubt that the force which 
is concerned in aggregation is the same which gives 
to matter its crystalline form ; indeed, a vast 
number of bodies, if not all, which appear amor- 
phous, are, when closely examined, found to be 
crystalline in their structure : we thus get a reci- 
procity of action between the force which unites 
the molecules of matter and the magnetic force, 
and through the medium of the latter the correla^ 
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tion of the attraction of aggregation with the other 
modes of force may be established. < 

I believe that the same principles and mode of [ 

reasoning as have been adopted in this essay might 
be applied to the organic as well as the inorganic 
world ; and that muscular force, animal and vege- 
table heat, &c.| might, and at some time will, be 
shown to have similar definite correlations; but I 
have purposely avoided this subject, as pertaining 
to a department of science to which I have not de- 
voted my attention. I ought, however, while al- 
luding to this subject, shortly to mention some 
experiments of Professor Matteucci, communicated 
to the Royal Society in the year 1850, by which 
it appears that whatever mode of force it be which 
is propagated along the nervous filaments, this 
mode of force is definitely affected by currents of 
electricity. His experiments show that when a 
current of positive electricity traverses a portion of j 

the musde of a living animal in the same direction : 

as that in which the nerves ramify — t. e. a direc- 1 

tion from the brain to the extremities — a muscular 
contraction is produced in the limb experimented 
<Ai, showing that the nerve of motion is affected ; 
while, if the current, as it is termed, be made to 
traverse the muscle in the reverse direction, or to- 
wards the nervous centres, the animal utters cries, 
and exhibits all the indications of suffering pain, 
scarcely any muscular movement being produced ; 
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showing that in this case the nerves of sensation 
are affected by the electric current, and therefore 
that some definite polar condition exists, or is in- 
duced, in the nerves, to which electricity is corre- 
lated, and that probably this polar condition con- 
stitutes nervous agency. There are other analogies 
given in the papers of M. Matteucci, and derived 
from the action of the electrical organs of fishes, 
which tend to corroborate and devdope tiie same 
view. 

By an application of the doctrine of the Cor- 
relation of Forces, Dn Carpenter has shown how 
a difficulty arising from the ordinary notions of 
the development of an organised being from its 
germ-cell may be lessened. It has been thought 
by many physiologists that the nisus formativuSj or 
organising force of an animal or vegetable struc- 
ture, lies dormant in the primordial germ-cell. " So 
that the organising force required to build up an 
oak or a palm, an elephant or a whale, is concen- 
trated in a minute particle only discernible by 
microscopic aid." 

Certain other views of nearly equal difficulty 
have been propounded. Dr. Carpenter suggests 
the probability of extraneous forces, as heat, light, 
and chemical affinity, continuously operating upon 
the material germ ; so that all that is required in 
this is a structure capable of receiving, directing, 
and converting these forces into those which tend 
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to the assimilation of extraneous matter and the 
definite development of the particular structure. 
In proof of this position he shows how dependent 
the process of germ development is upon the 
presence and agency of external forces, particularly 
heat and light, and how it is regulated by the mea- 
sure of these forces supplied to it. 

It certainly is far less difficult so to conceive the 
supply of force yielded to organised beings in their 
gradual process of growth, than to suppose a store 
of dormant or latent force pent up in a microscopic 
monad. 

As by the artificial structure of a voltaic bat- 
tery, chemical actions may be made to co-operate 
in a definite direction, so, by the organism of a 
vegetable or animal, the mode of motion which 
constitutes heat, light, &c., may, without extra- 
vagance, be conceived to be appropriated and 
changed into the forces which induce the absorp- 
tion, and assimilation of nutriment, and into nervous 
agency and muscular power. Indications of simi- 
lar thoughts maybe detected in the writings of 
Liebig. 

Some difficulty in studying the correlations of 
vital with inorganic physical forces arises from 
the effects of sensation and consciousness, pre- 
senting a similar confusion to that alluded to 
when, in treating of heat, I ventured to suggest, 
that observers are too apt to confoimd the sen- 
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sations with the phenomena. Thus, to apply some 
of the considerations on force, given in the intro- 
ductory portion of this essay, to cases where vitality 
or consciousness intervenes. When a weight is 
raised by the hand, there should, according to the 
doctrine of non-creation of force, have been some- 
where an expenditure equivalent to the amount of 
gravitation overcome in nosing the weight. That 
there is expenditure we can prove, though in the 
present state of science we cannot measure it. 
Thus, prolong the effort, raise wdghts for an hour 
or two, tiie vital powers sink, food, i • e. fresh 
chemical force, is required to supply the exhaus* 
tion. If this supply is withheld and the exertion 
is continued, we see the consumption of force in 
the supervening weakness and emaciation of the 
body. 

The consciousness of effort, which has formed 
a topic of argument by some writers when treating 
of force, and is by them believed to be that which 
has originated the idea of force, may by the 
physical student be regarded as feeling is in the 
phenomena of heat and cold, viz. a sensation of 
the struggle of opposing molecular motions in 
overcoming the resistance of the masses to be 
moved. When we say we feel hot, we feel cold, 
we feel that we are exerting ourselves, our expres- 
sions are intelligible to beings who are capable 
of experiencing similar sensations ; but the physical 
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changes accompanying these sensations are not 
thereby explained. Without pretending to know 
what probably we shall never know, the actual 
modus agendi of the brain, nerves, muscles, &c., 
we may study vital as we do inorganic pheno- 
mena, both by observation and experiment. Thus 
Sir Benjamin Brodie has examined the effect of 
respiration on animal heat by inducing artificial 
respiration after the spinal cord has been severed; | 

in wUch case he finds the animal heat declines, 
notwithstanding the continuance of the chemical 
action of respiration, carbonic acid being formed as 
usual; but he also finds that under such circum- 
stances the struggles or muscular actions of the 
animal are very great, and sufficient probably to 
accoimt for the force eliminated by the chemical 
action in digestion and respiration ; and Liebig, by 
measuring the amount of chemical action in di- 
gestion and respiration, and comparing it with the 
labour performed, has to some extent established 
their equivalent relations. 

In the same indi^ddual the chemical and physical 
state of the secretions in the warm may be com- 
pared with those in the cold parts of the body. 
The changes in digestion and respiration when the 
body is in a state of rest may be conq>ared with 
those which obtain when it is in a state of activity. 
The relations with external matter, mdntaining, 
by the constant play of natural forces, the vital 
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nucleus, or the organisation by meand of whick 
matter and force receive for a definite period 
a definite ^Urection and incorporation, may be as- 
certained, while the more minute structural changes 
are revealed to us by the ever-improving powers of 
the microscope ; and thus step by step we may learn 
that which it is given to us to learn, boundless in 
its range and infinite in its progress, and therefore 
never giving a response to the ultimate, — ^Why ? 

As the first glimpse of a new star is caught 
by the eye of the astronomer while directing his 
vision to a difiEerent point of space, and disappears 
when steadfastly gazed at, only to have its positicHi 
and figure ultimately ascertained by the employ- 
ment of more penetrative powers, so the first scin- 
tillations of new natural phenomena frequently 
present themselves to the eye of the observer, 
dimly seen when viewed askance, and cUsappearing 
if directly looked for. When new powers of 
thought and experiment have developed and cor- 
rected the first notions, and given a character 
to the new image, probably very different firom 
the first impression, fresh objects are again glanced 
at in the margin of the new field of vision, 
which in their turn have to be verified, and again 
lead to new extensions, thus the effort to esta- 
blish one observation leads to the imperfect per- 
ception of new and wider fields of research ; and 
instead of approaching finality, the more we dis- 
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cover the more infinite appears the range of the 
undiscovered I 

I have now gone through the affections of matter 
for which distinct names have been given in our 
received nomenclature : that other forces may be 
detected, differing as much firom them as they 
differ from each other, is highly probable, and that 
when discovered, and their modes of action fully 
traced out, they will be found to be related inter se^ 
and to these forces as these are to each other, I 
believe to be as far certain as certainty can be 
predicted of any future event. 

It may in many cases be a difficult question to 
determine what constitutes a distinct affection of 
matter or mode of force. It is highly probable 
that different lines of demarcation would have been 
drawn between the forces already known, had they 
been discovered in a different manner, or first 
observed at different points of the chiun which 
connects them. Thus, radiant heat and light are 
mainly distinguished by the manner in which they 
affect our senses ; were they viewed according to 
the way in which they affect inorganic matter, 
very different notions would possibly be enter- 
tdned of their character and relation. Electricity, 
again, was named from the substance in which, 
and magnetism from the district where, it first 
happened to be observed, and a chain of inter- 
phenomena have so connected electricity 
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with galvanism that they are now regarded as 
the same force, differing only in the degree of its 
intensity and quantity, though for a long time they 
were regarded as distinct. 

The phenomenon of attraction and repuMon by 
amber, which originated the term eUctricittfj is as 
unlike that of the decomposition of water by tbe 
Yoltdc pile, as any two natural phenomena can 
weU be. It is only because the historical sequence 
of scientific discoveries has assodated them by a 
nimiber of intermediate links, that they are classed 
under the same category. What is called voltaic 
electricity might equally, perhaps more appropri- 
ately, be called voltaic chemistry. I mention these 
facts to show that the distinction in the name may 
frequently be much greater than the distinction of 
the subject which it represents, and vice versdj not 
as at all objecting to the received nomenclature on 
these points ; nor do I say it would be advisable to 
depart from it : were we to do so, inevitable confu- 
sion would result, and objections equally forcible 
might be found to apply to our new terminology. 

Words, when established to a certain point, 
become a part of the social mind ; its powers and 
very existence depend upon the adoption of con- 
ventional 8}Tiibols; and were these suddenly de- 
parted from, or varied, according to individual 
apprehensions, the acquisition and transmission of 
knowledge would cease. Undoubtedly^ neology is 
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more permissible in physical science than in any 
Other branch of knowledge, because it is more pro- 
gressive ; new facts or new relations reqiure new 
names, but even here it should be used with great 
caution. 

** Si forte necesse est 
Lidiciis moDBtrare recentibos abdita remin, 
Rngere cinctutiB non exaudita Cethegi% 
ContiDget; dabitarque licentia, sumpta pudenter.'' 

Even should the mind ever be led to dismiss the 
idea of various forces, and regard them as the 
exertion of one force, or resolve them definitely 
into motion ; still we could never avoid the use of 
different conventional terms for the different modes 
of action of this one pervading force. 

Reviewing the series of relations between the 
various forces which we have been considering, it 
would appear that in many cases where one of these 
is excited or e^sts, all the others are also set in 
action : thus, when a substance, such as sulphuret 
of antimony, is electrified, at the instant of elec- 
trisation it becomes magnetic in directions at right 
angles to the lines of electric force ; at the same 
time it becomes heated to an extent greater or less 
according to the intensity of the electric force. If 
this intensity be exalted to a certain point the 
sulphuret becomes luminous, or light is produced : 
it expands, consequently motion is produced; and 
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it is decomposed, therefore chemical actum is pro- 
duced. K we take another substance, say a metal, 
all these forces except the last are developed; and 
although we can scarcely apply the term chemical 
action to a substance hitherto undecomposed, and 
which, imder the circumstances we are considering, 
enters into no new combination, yet it undergoes 
that species of polarisation which, as fSsur as we can 
judge, is the first step towards ch^nical action, and 
which, if the substance were decomposable, would 
resolve it into its elements. Perhaps, indeed, some 
hitherto undiscovered chemical action is produced 
in substances which we regard as undecomposable : 
there are experiments to show that metals which 
have been electrised are permanently changed in 
their molecular constitution. Oxygen, we have 
seen, is changed by the electric spark into ozone, 
and phosphorus into allotropic phosphorus, both 
which changes were for a long time unknown to 
those familiar with electrical science. 

Thus, with some substances, when one mode of 
force is produced all the others are simultaneously 
developed. With other substances, probably with 
all matter, some of the other forces are developed, 
whenever one is excited, ai^J all may be so were 
the matter in a suitable condition for their develop- 
ment, or our means of detecting them sufficiently 
delicate. 

The term Correlation, which I selected as the 
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title of my Lectures in 1843, strictly interpreted, 
means a necessary mutual or reciprocal dependence 
of two ideas, inseparable even in mental concep- 
tion : thus, the idea of height cannot exist without 
involving the idea of its correlate, depth ; the idea 
of parent cannot exist without involving the idea 
of offspring. It has been scarcely, if at all used 
by writers on physics, but there are a vast variety 
of physical relations to which, if it does not in its 
strictest original sense apply, cannot certainly be 
so well expressed by any other ticrm. There are, 
for example, many facts, one of which cannot take 
place without involving the other; one arm of a 
lever cannot be depressed without the other being 
elevated — the finger cannot press the table without 
the table pressing the finger. A body cannot be 
heated without another being cooled, or some other 
force being exhausted in an equivalent ratio to the 
production of heat ; a body cannot be positively 
electrified without some other body being nega- 
tively electrified, &c* 

The probability is, that, if not all, the greater 
number of physical phenomena are correlative, 
and that, without a duality of conception, the 
mind cannot form an idea of them : thus motion 
cannot be perceived or probably imagined without 
parallax or relative change of position. The world 
was believed fixed until, by comparison ^vith the 
celestial bodies, it was found to change its place 



CONCLUDIHO REKABK8. 201 

with regard to them: had there been no percep* 
tible matter external to the world, we should never 
have discovered its motion. In sidling along a 
river, the stationary vessels and objects on the 
banks seem to move past the observer: if at last 
he arrives at the conviction that he is moving, and 
not these objects, it is by correcting his senses by 
reflection derived firom a more extensive previous 
use of them: even then he can only form a notion 
of the motion of the vessel he is in, by its change 
of position with regard to the objects it passes, — 
that is, provided his body partakes of the motion 
of the vessel, which it only does when its course is 
perfectiy smooth, otherwise the relative change of 
position of the different parts of the body and the 
vessel inform him of its alternating, though not of 
its progressive movement. So, in all physical phe- 
nomena, the effects produced by motion are all in 
proportion to the relative motion: tiius, whether 
the rubber of an electrical machine be stationary, 
and the cylinder mobile, or the rubber mobile and 
the cylinder stationary, or both mobile in different 
directions, or in the same direction with different 
degrees of velocity, the electrical effects are, cceteria 
paribus^ precisely the same, provided the relative 
motion is the same, and so, without exception, of 
all other phenomena. The question of whether 
there can be absolute motion, or, indeed, any abso- 
lute isolated force, is purely the metaphysical 
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question of idealism or realism — a question for our 
purpose of little import ; sufficient for the purely 
physical inquirer, the maxim ''de nan apparenti- 
bus et nan existentihua eadem est ratiay 

The sense I have attached to the word correla- 
tion, in treating of physical phenomena, will, I 
think, be evident from the previous parts of this 
essay, to be that of a reciprocal production ; in 
other words, that any force capable of producing 
another, may, in its turn, be produced by it, — nay, 
more, can be itself resisted by the force it pro- 
duces, in proportion to the energy of such produc- 
tion, as action is ever accompanied and resisted by 
reaction: thus, the action of an electro-magnetic 
machine is reacted upon by the magneto-electricity 
developed by its action. 

To many, however, of the cases we have been 
considering, the term correlation may be appUed in 
a more strict accordance with its original sense : 
thus, with regard to the forces of electricity and 
magnetism in a dynanuc state, we cannot electrise 
a substance without magnetising it, — we cannot 
magnetise it without electrising it: — each mole- 
cule, the instant it is affected by one of these forces 
is affected by the other; but, in transverse direc- 
tions, the forces are inseparable and mutuaUy de- 
pendent, — correlative, but not identic aL 

The evolution of one force or mode of force into 
another has induced many to regard all the differ- 



^ ■**<■ 



CONCLUDING REMABKS. 203 

ent natural agencies as reducible to unity, and as 
resulting from one force which is the efficient 
cause of all the others : thus, one author writes to 
prove that electricity is the cause of every change 
in matter; another, that chemical action is the 
cause of everything ; another, that heat is the uni- 
versal cause, and so on. If, as I have stated it, 
the true expression of the fact is, that each mode 
of force is capable of producing the others, then 
any view which regards either of them as abstract- 
edly the efficient cause of all the rest, is erroneous : 
the view has, I believe, arisen from a confusion be- 
tween the abstract or generalised meaning of the 
term cause, and its concrete or special sense ; the 
word itself being indiscriminately used in both 
these senses. 

Another confusion of terms has arisen, and has, 
indeed, much embarrassed me in enunciating the 
propositions put forth in these pages, on accoimt 
of the imperfection of scientific language; an im- 
perfection in great measure unavoidable, it is true, 
but not the less embarrassing. Thus, the words 
light, heat, electricity, and magnetism, are con- 
stantly used in two senses, — viz. that of the force 
producing, or the subjective idea offeree or power, 
and of the eflfect produced, or the objective phe- 
nomenon. The word motion, indeed, is only ap- 
plied to the effect, and not to the force, and 
chemical affinity is generally applied to the force, 
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and not to the effect; but the other four terms 
are^ for want of a distinct terminology, applied 
in£scriminatdy to both. 

I may have occasionally used the same word at 
one time in a subjective at another in an objective 
sense; all I can say is, that this cannot be avoided 
without a neology, which I have not the presump- 
tiosi to introduce, or the authority to enforce. 
Again, the use of the term forces in the plural 
might be objected to by those who do not attach 
to the term force the notion of a specific agency, 
but of one universal power associated with matter, 
of which its various phenomena are but diversdy 
modified effects. 

Whether the imponderable agents, viewed as 
force and not as matter, ought to be regarded as 
distinct forces or as distinct modes of force, is pro- 
bably not very material, for, as far as I am aware, 
the same result would follow dther view ; ^I have 
therefore used the terms indiscriminately, as either 
happened to be the more expressive for the 
occasion. 

Throughout this essay I have placed motion in 
the same category as the other affections of matter. 
The course of reasoning adopted in it, however, 
appears to me to lead inevitably to the conclusion 
thst these affections of matter are themselves 
modes of motion ; that, as in the case of friction, 
the gross or palpable motion, which is arrested by 
the contact of another body, is subdivided into 
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molecular motions or vibrations, which vibrations 
are heat or electricity as tiie case may be; so 
the other affections are only matter moved or mo* 
lecularly agitated in certain definite directions* 
We have already considered the hypothesis tiiat 
the passage of electricity and magnetism causes 
vibrations in an ether permeating the bodies 
through which the current is transmittedi or the 
application of the same ethereal hypothesis to those 
imponderables which had previously been applied 
to light ; many, in spea!^g of some of the effects, 
admit that electricity and magnetism cause or pro- 
duce by their passage vibrations in the particles of 
matter, but regard the vibrations produced as an 
occasional, though not always a necessary, effect of 
the passage of electricity, or of the increment or 
decrement of magnetism. The view which I liave 
taken is, that such vibrations, or molecular polari- 
zations, are themselves electricity or magnetism ; or, 
to express it in the converse, that dynamic electri- 
city and magnetism are themselves motion, and that 
permanent magnetism, and Franklinic electricity, 
are static conditions of force bearing a similar re- 
lation to motion which gravitation does. 

This theory might well be discussed in greater 
detail than has been used in this work ; but to do 
this and to anticipate objections would lead into 
specialties foreign to my present object, in the 
course of this essay my principal aim having been 
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rather to sliow the relation of forces as evinced 
by acknowledged facts, than to enter upon any 
detailed explanation of their specific modes of 
action. 

Probably man will never know the ultimate 
structure of matter or the minutiss of molecular 
actions ; indeed it is scarcely conceivable that the 
mind can ever attain to this knowledge ; the monad 
irresolvable by a given microscope may ever be re- 
solved by an increase in power. Much harm has 
already been done by attempting hypothetically to 
dissect matter and to discuss the shapes, sizes, and 
numbers of atoms, and their atmospheres of heat, 
ether, or electricity. 

Whether the regarding electricity, light, mag- 
netism, &c., as simply motions of ordinary matter, 
be or be not admissible, certain it is, that all past 
theories have resolved, and all existing theories do 
resolve, the actions of these forces into motion. 
Whether it be that, on account of our familiarity 
with motion, we refer other afifections to it, as to a 
language which is most easily construed and most 
capable of explaining them ; whether it be that it 
is in reality the only mode in which all material 
force is rendered evident ; or whether it be that it 
is the only mode in which our minds, as contradis- 
tinguished from our senses, are able to conceive 
material agencies ; certain it is, that since the period 
at which the mystic notions of spiritual or preter- 
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natural powers were applied to account for physical 
phenomena, all hypotheses framed to explain them 
have resolved them mto motion. Take, for ex- 
ample, the theories of light to which I have before 
alluded : one of these supposes light to be a highly 
rare matter, emitted firom — i. e. put in motion by 
— luminous bodies; a second supposes that the 
matter is not emitted from luminous bodies, but 
that it is put into a state of vibration or imdulation^ 
i. e. motioit, by them; and thirdly, light may be 
regarded as an undulation or motion of ordinary 
matter, and propagated by undulations of w*, glass, 
&c., as I have before stated. In all these hj]^ 
theses, matter and motion are the only conceptions. 
Nor, if we except terms derived £rom our own sen- 
sations, the which sensations themselves may be 
but modes of motion in the nervous filaments, can 
we find words to describe phenomena other than 
those expressive of matter and motion. We in vain 
struggle to escape from these ideas ; if we ever do 
so, our mental powers must undergo a change of 
which at present we see no prospect. 

One great problem which remains to be solved, 
in regard to the correlation of physical forces, is 
the establishment of their equivalents of power, or 
their measurable relation to a given standard. 
The progress made in some of the branches of this 
inquiry has been already noticed. Viewed in 
their static relations, or in the conditions requisite 
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• 

for produdng equilibrium or quantitative equality . 
of force, a remarkable relation between chemical 
affinity and heat is that discovered in many simple 
bodies by Dulong and Petit, and extended to 
compounds by Neumann and Avogadro. Their 
researches have shown that the specific heats of 
certain substances, when multiplied by their che- 
mical equivalents, ^ve a constant quantity as 
product, — or, in other words, that the combining 
weights of such substances are those weights 
which require equal accessions or abstractions of 
heat, equally to raise or lower their temperature. 
To put the proposition more in accordance with 
the view we have taken of the nature of heat: 
each body has a power of communicating or re* 
ceiving molecular repulsive power, exactly equal, 
weight for weight, to its chemical or combining 
power. For instance, the equivalent of lead is 
104, of zinc 33, or, in round numbers, as 3 to 1 : 
these numbers are therefore inversely the ex- 
ponents of their chemical power, three times as 
much lead as zinc being required to saturate the 
same quantity of an acid or substance combining 
with it; but their power of communicating or 
abstracting heat or repulsive power is precisely 
the same, for three times as much lead as zinc is 
required to produce the same amount of expansion 
or contraction in a given quantity of a third 
substance, such as water. 
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Again, a great number of bodies chemically 
combine in equal volumes, i. e.j in the ratios of 
their specific gravities; but the specific gra^ties 
represent the attractive powers of the substance, 
or are the numerical exponents of the forces 
tending to produce motion in masses of matter 
towards each other ; while the chemical equivalents 
are the exponents of the affinities or tendencies 
of the molecules of dissimilar substances to com- 
bine, and saturate each other; consequently, here 
we have to some extent an eqmvalent relation 
between these two modes of force — gravitation 
and chemical attraction. 

Were the above relations extended into an uni- 
versal law, we should have the same numerical 
expression for the three forces of heat, gravity, 
and affinity ; and as electricity and magnetism 
are quantitatively related to them, we should have 
a similar expression for these forces; but at 
present the bodies in which this parity of force 
has been discovered, though in themselves nume- 
rous, are small compared with the exceptions, and, 
therefore, this point can only be indicated as 
promising a generalisation, should subsequent re- 
searches alter our knowledge as to the elements 
and combining equivalents of matter. 

With regard to what may be called dynamic 
equivalents, i. e.^ the definite relation to time of 
the action of these varied forces upon equivalents 
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of matter, the difficulty of establishing them is 
dtill greater. If the proposition which I stated at 
the commencement of this paper be correct, that 
motion may be subdivided or changed in character, 
so as to become heat^ electricity, &c., it ought to 
follow that when we collect the dissipated and 
changed forces, and reconvert them, the initial 
motion, affecting the same amount of matter with 
the same velocity, should be reproduced, and so 
of the changes in matter produced by the other 
forces; but the difficulties of proving the truth 
of this by experiment will, in many cases, be all 
but insuperable; we cannot imprison motion as 
we can matter, though we may to some extent 
restrain its direction. 

In the steam-engine, for instance, the heat of 
the furnace not only expands the water and 
thereby produces the motion of the piston, but it 
also expands the iron of the boiler of the cylinder 
and all surroimding bodies. The force expended in 
expanding this iron to a very small extent is equal 
to that which expands the vapour to a very large 
extent : this expansion of the iron is capable, in 
its turn, of producing a great mechanical force, 
which is practically lost. Could all the force be 
applied to the vapour, an enormous addition of 
power would be gained for the same e3q)enditure ; 
and perhaps even with our present means more 
might be done in utilising the expansion of the iron. 
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Another great difficully in experimentally ascer- 
taining the dynamic equivalents of different forces 
arises from the effects of disruption or the over* 
coming an existing force. Thus, when a part of the 
initial force employed is engaged in twisting or 
tearing asunder matter previously held together by 
cohesive attraction, or in overcoming gravitation or 
inertia, the same amount of heat or electricity 
would not be evolved as if such obstacle were non- 
existent, and the initial force were wholly employed 
in producing, not in opposing. There is a difficulty 
apparentiy extreme in devising experiments in 
which some portion of the force is not so em- 
ployed. 

The voltaic battery affords us the best means of 
ascertaining the dynamic equivalents of different 
forces, and it is probable by its aid that the best 
theoretical and practical results will be ultimately 
attained. 

In investigating the relations of the different 
forces, I have in turn taken each one as the initial 
force or starting-point, and endeavoured to show 
how the force thus arbitrarily selected could medi- 
ately or immediately produce or be merged into 
the others : but it will be obvious to those who 
have attentively considered the subject, and brought 
their minds into a general accordance with the 
views I have submitted to them, that no force can, 

strictly speaking, be initial, as there must be some 

p s 
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anterior force which produced it : we cannot create 
force or motion any more than we can create matter. 
Thus, to take an exan^le previously noticed, and 
recede backwards ; the spark of light is produced 
by electricity, electricity by motion, and motion is 
produced by something else, say a steam-engine— 
that is, by heat. This leat is produced by chemical 
affinity, i. «., the affiiuty of the carbon of the 
coal for the oxygen of the air : this carbon and 
this oxygen have been previously eliminated by 
actions difficult to trace, but of the pre-existence 
of which we cannot doubt, and in which actions 
we should find the conjoint and alternating effects 
of heat, light, chemical affinity, &c. Thus, tracing 
any force backwards to its antecedents, we are 
merged in an Infinity of changing forms of force ; 
at some point we lose il^ not because it has been in 
fact created at any deSnite point, but because H 
resolves itself into so many contributing forces^ 
that the evidence of it is lost to our senses or 
powers of detection ; just as, in following it forward 
into the effect it produces, it becomes, as I have 
before stated, so subdivided and dissipated as to be 
equally lost to our mea^is of detection. 

Can we, indeed, suggest a proposition, definitely 
conceivable by the mind, of force without antece- 
dent force ? I cannot, without calling for the in- 
terposition of creative power, any more than I can 
conceive the sudden appearance of a mass of matter 
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come from nowhere, and formed from nothing. 
The unpossibility, humanly speaking, of creating 
or amiihilating matter, has long been admitted, 
though, perhaps, its distinct reception in philosophy 
may be set doAvn to the overthrow of the doctrine 
of Phlogiston, and the reformation of chemistry, at 
the time of Lavoisier. The reasons for the admis- 
sion of a similar doctrine as to force appear to be 
equally strong. With regard to matter, there are 
many cases in which we never practically prove 
its cessation of existence, yet we do not the less 
believe in it : who, for instance, can trace, so as to 
re-weigh, the particles of iron worn off the tire of 
a carriage wheel ? who can re-combine the particles 
of wax dissipated and chemically changed in the 
burning of a candle ? By placing matter under- 
going physical or chemical changes under special 
limiting circumstances, we may, indeed, acquire 
evidence of its continued existence, weight for 
weight, — and so we may, in some instances of 
force, as in definite electrolysis : indeed, the evi- 
dence we acquire of the continued existence of 
matter is by the continued exertion of the force it 
exercises, as, when we weigh it, our evidence is 
the force of attraction ; so, again, our evidence 
of force is the matter it acts upon. Thus, matter 
and force are correlates, in the strictest sense of 
the word ; the conception of the existence of the 
one involves the conception of the existence of the 
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other : the quantity of matter again, and the degree 
of force, involve conceptions of space and time. 
But to follow out these abstract relations would 
lead me too &r into the alluring paths of meta- 
physical speculation. 

That the theoretical portions of this essay are 
open to objection I am fully conscious. I cannot, 
however, but think that the fair way to test a 
theory is to compare it with other theories, and to 
see whether upon the whole the balance of proba- 
bili^ is in its favour. Were a theory open to no 
objection it would cease to be a theory, and would 
become a law; and were we not to theorise, or to 
take generalised views of natural phenomena until 
those generalisations were sure and unobjection- 
able, — in other words, were laws, — science would 
be lost in a complex mass of unconnected observa- 
tions, which would probably never disentangle 
themselves. Excess on either side is to be avoided ; 
although we may often err on the side of hasty 
generalisation, we may equally err on the side of 
mere elaborate collection of observations, which, 
though sometimes leading to a valuable result, yet, 
when cumulated without a connecting link, fre- 
quently occasion a costly waste of time, and leave 
the subject to which they refer in greater obscurity 
than that in which it was involved at their com- 
mencement. 

Collections of facts differ in importance, as do 
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theories: the former, in many instances, derive 
their value from their capability of generalisation ; 
while, conversely, theories are valuable as methods 
of co-ordinating given series of facts, and more 
valuable in proportion as they require fewer ex- 
ceptions and fewer postulates. Facts may some- 
times be as well explained by one view as by an- 
other, but without a theory they are unintelligible 
and incommunicable. Let us use our utmost effort 
to communicate a fact ^vithout using the language, 
of theory, and we fail ; theory is involved in all 
our expressions ; the knowledge of bygone times is 
imported into succeeding times by terms involving 
theoretic conceptions. As the knowledge of any 
particular science developes itself, our views of it 
become more simple ; hypotheses, or the introduc- 
tion of supposititious views, are more and more 
dispensed with; words become applicable more 
directly to the phenomena, and, losing the hypo- 
thetic meaning which they necessarily possessed at 
their reception, acquire a secondary sense, which 
brings more immediately to our minds the facts of 
which they are indices. The scaffolding has served 
its purpose. The hypothesis fades away, and a 
theory, or generalised view of phenomena, more in- 
dependent of supposition, but still full of gaps and 
difficulties, takes its place. This in its turn, should 
the science continue to progress, either gives place 
to a more simple and wider generalisation, or be- 
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comes, by the removal of objections, established as 
a law. Even in this more advanced stage words 
importing theory must be used, but phenomena are 
now intelli^ble and connected, though expressed 
by varied forms of speech. 

To think on nature is to theorise ; and difficult 
it is not to be led on by the continuities of natural 
phenomena to theories which appear forced and un- 
intelli^ble to those who have not pursued the same 
path of thought; which, moreover, if allowed to 
gain an undue influence, seduce us from that 
truth which is the sole object of our pursuit. 

Where to draw the line, — ^where to say thus far 
we may go, and no farther, in any particular class 
of analogies or relations which Nature presents to 
us ; how fSe^r to follow the progressive indications 
of thought, and where to resist its allurements, — 
is a question of degree which must depend upon 
the judgment of each individual or of each class 
of thinkers ; yet it is consolatory that thought is 
seldom expended in vcdn. 

I have throughout endeavoured to discard the 
hypotheses of subtle or occult entities ; if in this 
endeavour some of my views have been adopted 
upon insufficient data, I still hope that this essay 
will not prove valueless. 

The conviction that the imponderables are modes 
of motion, will, at all events, lead the observer of 
natural phenomena to look for changes in their 



CONCLUDINQ REMARKS. 217 

aiiections, wherever the intimate structure of 
matter is changed ; and, conversely, to seek for 
changes in matter, either temporary or permanent, 
whenever it is affected by these forces. I believe 
he will seldom do this in vain. It was not until I 
had long reflected on the subject, that I ventured 
to publish my views : their publication may induce 
others to think on their subject-matter. They are 
not put forward with the same objects, nor do they 
aim at the same elaboration of detail, as memoirs 
on newly-discovered physical facts : they purport 
to be a method of mentally regarding known facts, 
some few of which I have myself made known on 
other occasions, but the great mass of which have 
been accumulated by the labours of others, and are 
admitted as established truths. Every one has a 
right to view these facts through any medium he 
thinks fit to employ, but some theory must exist 
in the minds of those who reflect upon the many 
new phenomena which have recently, and more 
particularly during the present century, been dis- 
covered. It is by a generalised or connected view 
of past acquisitions in natural knowledge that 
deductions can best be drawn as to the probable 
character of the results to be anticipated. It is 
a great assistance in such investigations to be 
intimately convinced that no physical phenomenon 
can stand alone : each is inevitably connected with 
anterior changes, and as inevitably productive of 
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consequential changes, each with the other, and all 
with time and space; and, either in tracing back 
these antecedents or following up their conse- 
quents, many new phenomena will be discovered, 
and many existing phenomena hitherto beUeved 
distinct wiU be connected and explained : explana- 
tion is, indeed, only relation to something more 
familiar, not more kno^vn — t. e. known as to 
causative or creative agencies. In all phenomena, 
the more closely they are investigated the more 
are we convinced that, humanly speaking, neither 
matter nor force can be created or annihilated, 
and that an essential cause is unattainable. — 
Causation is the will. Creation the act, of God. 
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RoBiKSOK, On the Effect of Heat in lessening the Affini- 
ties of the Elements of Water (Transactions of the Royal 
Irish Academy, voL xxL p. 2.). 

71. Grote, Water decomposed by Chlorine and Heat (PhiL 
Trans. 1847, p. 2a> 

73. I fear that this passage is expressed in so curt a form at 
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to give rise to misconception. I hope it will be under- 
stood that the experiment is ideal, and stated for the 
object of giving a more definite form to the reasoning ; 
to bring the idea more prominentlj into relief, all state- 
ments as to quantities, specific heats^ &Cy so as to yield 
comparative results for given materials, are omitted. 
The argument maj be thus stated in another form, viz., 
that bj no mechimical appliance or difference of mate- 
rial acted on, can a given source of heat be made to 
produce more heat Uum it originally possessed, and that 
if all bo converted into medianical power, an excess 
cannot be supposed, for that could be converted into a 
surplus of heat ; and a deficit cannot be supposed, for 
that would be annihilation of force. I cannot, however, 
see how the theoretical conclusion could be verified bj 
experiment; the enormous weights and the complex 
mechanical contrivances requisite to give the measure 
of power yielded by matter in its less dilatable forms;, 
would bo far beyond our present experimental resources. 
It would also be difficult to prevent the interference of 
molecular attractions, inertia, &c., the overcoming of 
which is a part of the mechanical power generated, but 
which could hardly be made to appear in the result. 

See, on the same point, Seguik, Influence des Che- 
mins de Fer, p. 398. Paris, 1839. 

74. Caknot, Reflexions sur la Puissance Motrico du Feu, 

Paris, 1824. 
Seguin, Influence des Chemins de Fer, p. 378. et seq. 

75. 76. If a weight is raised by the piston and left at the 
point to which it is raised, so as to be used for other pur- 
poses, heat is lost ; if the same weight is made to descend 
by cold, heat is restored, or, in the first case heat is con- 
verted, in the second it is transferred ; both may be called 
mechanical work but in a dificrent sense. A ball between 
positively and negatively electrified bodies^ would have 
been a better analogue than a magnetic machine. 
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79. Mr. Waterston has suggested that solar heat may arise 
from the mechanical action of meteoric stones falling 
into the sun, and Mr. Thosipsok has written an 
elahorate paper on the subject, Trans. Brit Assoc. 
1863; and for Mr. Thompson's various and valuable 
papers, see PhiL Mag. 1851 to 1854^ inclusive. 

81. DuFATEy Symher, Watson, and Frankun, Theories of 

Electric Fluid and Electric Fluids (Priestlej's History 
of Electricity, pp. 429— 441.> 

82. Gbotthus, Sur la Decomposition de l^Eau et dcs Corps 

qu'eile tient en Dissolution k TAide de I'Electricit^ 
galvanique (Ann. de Chimie, torn. Iviii. p. 64). 

83. Faradat, On the Question whether Electrolytes conduct 

without Decomposition. (Proceedings of the Weekly 
Meetings of the Royal Institution, 1866). 

Grove, Compte Rendus, Paris, 1889. 

Faradat, On Induction as an Action of contiguous 
Particles (Phil. Trans. 1838, p. 80.). 

84. Matteucci, Plates of Mica polarized by Electricity (De 

la Rive's Electricity, p. 140.). 

86. FusiNiERi, Du Transport des Matiires ponderables qui 
s'op^re dans les D^charges 61ectriques (Archives de 
I'Elcctricitd ; Supplement k la Biblioth^ue universelle 
de Geneve, tonu iiL p. 697.). 
Grove, On the Voltaic Arc (Report of Lecture at the 
Royal Institution, Lit Gaz. and Athenssum, Feb. 7. 
1846 ; PhiL Trans. 1847, p. 16.> 

89. to 94. Grove, On the electro-chemical polarity of gases 
(PhiL Trans. 1862, p. 87> 

93. Fr^ht and E. Becquerel, Oxygen changed to Ozone 
by the Electric Spark. (Ann. de Ch. ct de Phys. 1862). 
This subject and the nature of ozone was first investi- 
gated by Dr. Schonbem. See also a paper by Mr. 
Brodie On the Conditions of certain Elements at the 
Moment of Chemical Change (PhiL Trans. I860). 

96, 96. Molecular Changes in Electrized Metals (Naxrics, 
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PhiL Trans. 1780, p. 334., and 1783, p. 223.; GsOTS^ 
Electrical Mag. voL L p. 120. ; Peltier, Archiyes de 
'Electricity voL v. p. 182. ; Fusiniebi, id. p. 516.). 

97. Wertheim, Change in elasticity of Metals bj Electrisa- 
tion (Ann. de Ch. et de Pbjs, voL xiL p. 623. ; Arch. 
Elec voL iv. p. 490.). 

DuFOUR, Alteration in Tenacity of Metals by Electriza- 
tion (BibL uniy. de Gren^ye^ Feb. 1855, p. 156.). 

98. Matteucci, Conduction of Electricity by Crystals 
(Coraptes Rendus de TAcad. Paris, 5Ui March, 1855, 
p. 541.). 

99. E. Becquerel, Transmission of Electricity by heated 
Gases (Ann. de Ch. et de Phys. yoL xxxix. p. 355.). 

Grove, Proceedings of the Royal Inst 1854, p. 361.). 
Becquerel, Divergence of Gold-leaves in Yacno (iSraitA 
d'Electricit^ voL v. ; part 2nd, p. 66). 

100. Newton, Thirty-first Query to the Optics. 

101. Grove, Particles of Metals and metallic Oxides detached 
in Liquids by Electricity (Elec. Mag. voL L p. 1 19.). 

102. Matteucci, Relations of Electricity and nervous Force 
(Phil. Trans. 1845, p. 285!, 1846, p. 497. ; Ph^nomgnes 
physiques des Corps vivants, p. 305.; Lezioni di Fisica, 
p. 360.). 

104. Becquerel, Chemical Changes by Friction (Trait^ de 
TElec. voL v. part 1. p. 16.)^ 

108. De la Rive, Heat of the Voltaic Pile (BibL univ. voL 
xiii. p. 389.> 

109. Davy, On the Properties of Electrified Bodies in their 
relations to Conducting Powers and Temperature (PhiL 
Trans. 1821, p. 428.). 

Grove, On the Effect of surrounding Media on Voltaic 
Ignition (Phil. Trans. 1849, p. 49.). 

110. Oersted, Experiences sur I'Effet du Conflict Sectriqne 
sur TAiguille aimant^ (Ann. de Ch. et de Ch. torn* 
xiv. p. 417.). 

112. Coleridge, Table Talk, voL L p. 65. 
] 113. Lenz and Jacobi, Pogg. Ann. voL xlvii p. 403; Bulletin 
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do FAcacL St Petersburg, 1839 ; Habbis^ Magnetism, 

part iL p. 63). 

113. Davt, Decomposidon of the fixed Alkalies (PhiL Trans. 

1808, p. l.> 
Becquerei., Des Compost flectro-chimiques (Traits do 

I'Electricit^ voL iii. c* 13.). 
Crosse, Transactions of the British Association, voL t. 

!>. 47. ; Proceedings of the Electrical Society, p. 320. 
Malus, Polarization of Light bj Reflexion (M^moires 

d*Arcucil, torn. ii. p. 143.\ 

114. Arago, Circular Polarization bj Solids (M&noires de 

rinstitut, 1811). 
BiOT, Circular Polarization bj Liquids (M&noires de 
llnstitut, 1817> 

115. NiEPCB and Daguebrb, EBstorique et Description des 

Proc^dds du Daguerreotype, Paris, 1839. 
Talbot, Photogenic Drawing and Calotjpe (PhiL Mag. 
March, 1839, and August, 1841). 
118. Herschel, Chemical Action of the Solar Spectrum on 
various Substances (l^hiL Trans. 1840, p. 1., and 1842, 
p. 181.> 
Hunt, Researches on Light, Lend. 1844. 

120. Grove, Other Forces produced bj Light (Lit Gaz^ Jan. 

1844.> 

121. SoMERviLLB (Mrs.), On the Magnetising Power of the 

more refrangible Solar Rays (PhiL Trans. 1826, p. 132.> 
MoRicnixi*8 experiments are given in Mrs. Somerville's 
paper. 

122. Herschel, On the Absorption of Light in Coloured Media 

viewed in connexion with the Undulatoiy Theory 
(PhiL Mag. Dec 1833> 
Seebeck, Heat of Coloured Rajs (Brewster's Optica, 
p.9a> 

123. Knoblauch, Ann. deCh.voLxxxvL p. 124.,andPog.Ann. 

there reicrred ta 

124. Hebschel, Epipolized Light (PhiL Trans. voL cxxxv. 

pp. 143. 147.). 
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Stokes, Change in Refrangibilitj of Light (PhiL Trans. 

▼ok. osdii^ cxliiL> 

129. For the first enunciations of the Corpuscular and Undu- 

latory Theories, see Newton's Optics, Hooki*8 ICco- 

graphia, and Hutghens* Tractatus de Lumine. See 

also Bbewst£R*s Optics, p. 138. 

150. TouNO, Lectures edited bj Kelland, p. 359, etseq.; PhiL 

Trans. 1800, p. 126. ; Herschel, Encjc Metrop. art 
Light, pp. 450. and 738. ; Newton's Optics, p. 322. ; 
Whswell's Hist Indue Sc. toL ii. p. 449. ; Foucault, 
Comptes Bendus, Paris, 1850, pu 65. 

132. SoNDHAuss, jRe&action of Sound, (Ann. de Ch. et de 
Fhys. ToL xxzT. p. 505. 

14a Pastsub, Rotation of Plane of Polarized light bj Solu- 
tions of hemihedral Crystals (Ann. de Ch. et de Fhys. 
ToL zxiv. p. 442.). 

143. to 147. Wollaston, PhiL Trans. 1822, p. 89.; Whewell, 
•Phil, of the Induct Sc voL L p. 419. ; Wilson, Trans, of 
the Roy. Soc. of Edin. voL x vi. p. 79. ; Sir W. Herschel, 
PhiL Trans. 1793, p. 201., and 1801, p. 300. ; Morgan, 
PhiL Trans. voL Ixxv. p. 272. ; Davy, PliiL Trans. 1822, 
p. 64. ; Elements of Chemical Philosophy, p. 97. 

148. Diminishing Periods of Comets (Herschel's Outlines of 
Astronomy, p. 357.X 
Newton, Thirtieth Query to the Optics. 

151. Faradat, Evolution of Electricity from Magnetism (PhiL 

Trans. 1832, p. 125.> 

154. Faradat, Magnetic Condition of all Matter (PhiL Trans. 

1846, p. 21. ; PhiL Mag. 184d, p. 249.> 
Becquerel, Ann. de Ch. et de Ph. tonu xxxvi p. 337. ; 
Comptes Bendus, Paris, 1846^ p. 147.; and 1850, 
p. 201. 

155. Faradat, On the Magnetization of Light (PhiL Trans. 

1846, p. l.> 

156. Wartuann, Rotation of the Plane of Polarization of 

Heat by Magnetism (Journal de Tlnstitute, No. 644.). 
Proyostate et Dessaines^ Ann. de Ch. et de Phys. 
Oct 1849. 
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157. HuKT, Influence of Magnetism on Molecular Arrange- 

ment (PhiL Mag. 1846, voL xxviii. p. 1.; Memoirs cf 
Geological Society, voL i. p. 433.). 
Wabtmakn, Phil. Mag. 1847, voL xxz. p. 263. 

158. Gboye, Experiment on Molecular Motion of a Magnetic 

Substance (Electrical Mag. 1845, voL i. p. 601.). 

159. On the direct Production of Heat bj Magnetism (Pro- 

ceedings of the Rojal Society, 1849, p. 826.> 

After this paper was communicated and ordered to be 
printed in the Philosophical Transactions, I found that 
I had been anticipated by Mr. Van Bbeda, who com- 
municated, in 1845, a paper to the Institut on the sub- 
ject : his paper appears in the Comptes Rendus under 
an erroneous title, which accounts for its having been 
overlooked : he does not give thermometric measures of 
the heat he obtained, nor did he produce heating effects 
bj a permanent steel magnet, or with other metals than 
iron. (Comptes Rondus, Oct 27. 1845.) 

See also an earlier experiment bj Mr. Joule (PhiL 
Mag. 1843), to which he called my attention after my 
paper was read. 

160. 163. The Experiments on the effects of Magnetism on the 

Matter magnetised, are collected by Mr. Ds la Rrvx in 
his recently published treatise on Electricity. voL L 

166. Davt, Electricity defined as Chemical Affinity acting on 

Masses (PhiL Trans. 1826, p. 389.> 
YoLTA, Electricity excited by the mere Contact of con- 
ducting substances (PhiL Trans. 1800, p. 408.). 

167. Grove, Gold-leaf Experiment (Comptes Rendus, Pari% 

1839, p. 567.> 

168. Grove, Voltaic Action of Sulphur, Phosphorus, and Hy- 

drocarbons (PhiL Trans. 1845, p. 351.> 
Gbove, New Voltaic Combination (PhiL Mag. voL ziv. 

p. 388. ; voL xv. p. 287.). 

169. Grove, Electricity of Blowpipe Flame (Ph>oeedings of 

the Royal Institution, February, 1854). 
17L Dalton, New System of Chemistry, Ixmdoiii ISlOl 
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172. I have here and elsewhere used whole numbersy astaffi- 

cientlj approximate for the argument^ but without in* 
tending to express any opinion as to the law of Fbout. 

173. Faradat, Definite Electrolysis (PhiL Trans. 18H P-77.). 
176. Woonv Heat disengaged in Chemical Combinations (PhiL 

Mag. 1852.). 
Andrews, Phil. Transw 1844, p. 21. 
Hess, Poggendorff*s Annalen, toL liL p. 107. 

186. Catalysis by Platinum (Doberbimrr, Ann. de Ch. ct de 

Phys. torn. xxiv. i>. 93. ; Dulono and Tbrnard, Ann. 
de Ch. et de Phys. t^xn. xxiiL p. 440.). 

187. Groye, Gas Voltaic Battery (PhiL Mag. toL xxL p. 417. ; 

PhiL Trans. 1843, p. 91.> 

188. MosoTTi, Forces which regulate the Internal Constitation 

of Bodies (Taylor^s Scientific Memoirs^ toL L p. 448.). 

189. PlI^cker, Repulsion of the Optic Axes of Crystals hj Uie 

Poles of a Magnet (Taylor^s Scientific Memoirs^ T<kL ▼• 
p. 353.). 
Magnetic Action of Cyanite (Lit Gazette, 1849, p. 431.), 

190. Matteucci, Correlatioa of Electric Current and Nerrous 

Force (PhiL Trans. 1850, p. 287.). 

191. Carpenter, on the Mutual Relations of the Vital and 

Physical Forces (PhiL Trans. 1850, p. 751.). 
193. On Effort. See Browx, Cause and Effect; Hersceel's 

Discourse ; and Quartrrlt Beyiew, June 1841. 
198. This simultaneous production of all the known afiections 

of matter, seems to me a strong argument in faTOor of 

their being modes of motion* 'Phis conclusion oaght 

to have been stated in the text. 
208. DuLOXG and Petit, Relation between Specific Heat and 

Chemical Equivalents (Ann. de Ch. et de Phys. ton. x. 

p. 395.). 
Neumann, Poggendorff*s Azmalen, vol. xxiiL p. 1. 
AvoGADRO, Ann. de Ch. et de Phjs^ torn. It. p. 80. 
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tarat With Practical Instructions for the 
ICftBoCMtura and Managrinent of Engioaa 
oC erenr 'class. Fourth Edition, enlaifcd i 
wilh 89 Woodcttta. Fcp. 8ro. Oa. 



Bourne. — A Treatise on the Sieam- 

Eogine, in its Application to Mines, Mills, 
Stcam-NaTi|ation, and Railwars. Bj the 
Artisan Club. Edited by Jos]rBouays,O.E. 
New Editions with 33 Steel PUtoa and 849 
Wood Engrarings. 4to. price S7a. 

Boiinft.— A Treatiae oa the Serew PrepeUer: 
With Tarious Suggestions of Improrement. 
Bj Joxir Bovbjib, C.E. Kew Edition, tho- 
roughl? rerised and corrected. With 20 
lai]p Plates and numerous Woodcuts. 4to. 
prioeSSe* 

Boyd. — A Manual for Naval Cadets. 

Published with the sanction and approval 
of the Lords Commissioners of the Adrai* 
raltr. Bj Joov M*N«ll Boto, Captain, 
R.N. With Compass-Signals in Colours, 
and 236 Woodcuts. Fcp. 8? o. lOt. 6d. 

Brando.— A Dictionary of Sdence, Lite- 
rature, and Art t Comprising the History, 
Description, and Sdentiflo Principles of 
erery Branch of Human Knowledge ; with 
the Dcriration and Definition of sJl tlie 
Terms in general use. Edited by W. T. 
BftAKDX, F.R.S.L. and E.| assisted by Ds. 
J. Cautiv. Third Edition, rsviscd and cor* 
rectcd i with numerous Woodcuta. 8ro. OOs. 

Professor Brando's Lectures on Organic 

Cliemittry, as ap^ied to ManufSicturrs t 
incliidmg Djcing, llleaching« Calioo-Print* 
i><K« Suffsr- Manufacture, the P i equ ation 
of Wood, Tanning, &c. i deli? ered bdbre the 
Members of the Roral Institution. Edited 
by J. Scomvf, M.B. Fcp. 8ro. with 
Woodcuts, price 7s. 6d. 

Brewer. — An Atlas of Histoiy and Geo- 

graphr, from the Commencrment of the 
Christian Era to the Present Time i Com* 
prising a Series of Siiteen colourrd Maps, 
arranged in Chronological Order, with Uas- 
tratire Mrmoirs. Bj the Rer. J. 8. BSKWsa. 
MA., Prolcsffor of English Historj and 
literaturs in Eing*s CoUeea^ Loodoa. 
Sef9md Editicm, rrrited ana eorrcded. 
Rojmi 8ro. 12a. 6d. half-bouDd. 

Briatanont— The Life of the Dnke of 

Wellington. From the French of AlxxIS 
BkULiio3iT, Oiplaia oa the Staff of the 
Belgian Army x With EmeDdatioos and 
AdJitiona. Bj the Rer. O. R. Oliio, M.A., 
Cliaplain-Oencral to the Forees and Pfev- 
bendary of 8l. PauTa. With Mraa, Plans 
of Batllca, and Portraits. Toui. t. and II. 
SfaSOe. 

Brodie. — Peyefaologlcal Inqniilesi ia a 

Scriaa of Bsaayt intandfld U OlMlmla tW 
laSnenet of the P^pieal OmaistfUea m 
the Mental Faeultisa. By Sir BsMaHDl C 
Baooii,BMt. IWdBdSliea. Fefbaf%.i«w 
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BnlL— The Maternal Management of 

Children in Health and Diiease. Bj 
T. BuLL^ M.D^ Member of the Boyu 
College of Fhjsidants formerlj Fhjtician* 
Accoucheur to the Finsburr Midwifery 
InBtitution. Kew Edition. Fep. 8to. 6a. 

• 

Dr. T. Biill*a Elnta to Hothen on tha ICana^ 
mcut of their Health during the Period of 
Pregnancy and in the Lying-in Boom t With 
&n Exposure of Popular Enron in connexion 
with those Bubjects, &o.; and Hinta U|Km 
Kurting. New Edition. Fcp. 8to. tu 

Hansen. — Christianity and ManMnd, 

their Beginnings and Prospecta. By 
Baron C. O.J. BuKSZv, D.D., D.C.L., D.Ph. 
Being a New Edition, corrected, remodelled, 
and extended, of Hippofytui tmd Ais Jg§, 
7 vols. 8to. £5. 6a. 

*.* This Edition If compoaed of thre* dbtlnct wocfctb 
wlifch may be had Mpanttely, ai foUowa:— 

1. Hippolytns and hit Am; or. the BegtuniDM and 
Protpectt of Cltristianlty. % vol*. 8vo. prica £1 . lOi. 

2. Oatline of the Philosophy of Unlvenal Hi»toty t^ 
plied to Languafre and Relision : ContaluSn^C an A(^ 
count of the Alphabetical Confcrencee. % vole. 8ro. 
price £1. ISa. 

8. AnaleciaAnte-NIctma. SToli.8TO.priMlt,ti. 

Bunsen.— Lyra Germanica. Translated 

from the German by Cathsbins WlKK- 

wouTn. Fifth Edition of the FiHST Sbbies, 

Hjrane for the Sundajs and chief FeatiTals 

of the Cliristian Year. Second Sbbies, the 

Christian Life. Fcp. 8to. price 5s. each 

Series. 

•*• Those fclccHnns of German HymnR Imve been made 
Troin collections jublihhed in Gertnany by Oaron Bukskjt; 
and form companion vulumct to 

Theologia Germanica: Which letteth forth 
many fair lineaments of Divine Truth, and 
eaith very lofty and lovely things touching 
a Perfect Life. Translated hy Susanka 
WiNKwoBTH. With a Preface hy the Ber. 
CHABLK3 KiNOSLKr ; and a Letter by Baron 
BuNBEN. Third Edition. Fcp.8?o.5a. 

Bunsen. — Egypt's Place in Universal 

History: An Uistorical Livestigation, in 
Five Books. By Baron C. C. J. Bunskk, 
B.D., D.C.L., D.Ph. Transited from the 
German by C. H. Cottbbll, Esq., M.A. 
With many Illustrations. Vol. I. 8vo. 288.; 
Vol. II. 8?o. SOi. 

Bishop Butler's General Atlas of Modem 

and Ancient Geography; comprising Fifty- 
two full-coloured Maps ; with complete In- 
dices. New Edition, nearly aU ro-engrarcd, 
cnUrgcd, and greatly improved. Edited by 
lheAuthor»sSon. Royal 4to. 248. half-bouni 

iTlje Modem AHm of 28 (\ill-«oIoared Hape. 
Boyal 8vo. nrioo 12«. "^ 

Tl.e Ancient AOm of 24 niU-«olourea Mape. 
BoyalSvo. price 12e, | 



Bishop Butler's Sketch of Modem and 

Ancient Geographr. Kew Sdition, tho- 
roaghly reriaed, with toch Alterationa intio- 
duced aa oontinuaDr proffreasiTa Dlaeorezics 
and the lateai Information hare venderad 
neoeaamiy. Poet Sro. prioe 7s. 6d. 

Burton.— First Footsteps in East Afirica ; 

or, an Exploration of Harar. Bj Bichaso 
F. BuBTOV, Captain, Bombay Anmr. With 
Maps and coloured Plates. 8to. 18s. 

Burton. — Personal Narrative of a Pil- 
grimage to El Medinah and Meccalu Bj 
jaiCHABB F. BvBTOV, Oaptain. Bombay 
Army. 5lM0fi^lWSi/iiM,reTised; wUbeolouied 
Platea and Woodcats. 2 rols. crown 8va. 
prioe 24s. 

The Cabinet Lawyer: A Popular Digest 

of the Laws of JQngland, Ciril and Criminal ; 
irith a Dictionary of Law Terma^ irMirin»«^ 
Statutea, and Judicial Antiquities ; Correct 
Tables of Aaaeased Taxea, Stamp Dutiss, 
Excise licenses, and Poat-Horso Duties s 
Post-Offioe B^ulations I and Prison Diaci- 
pline. 17th Edition, comma ing the Publio 
Acts of thoSeaaion 1858. Fcp. 8?o. 10s. 6d. 

The Cabinet Gasetteer; A Popular Gaogra. 
phical Dictionary of AU the Cbuntriea of 
the World. By the Author of Tk4 CaHnH 
Lawjfer, "Fep, 8to. 10s. 6d. cloth. 

Calendars of State Papers, Domestic 

Series, published under the Direction of the 
Master of the Rolls, and with the Sanction 
of H.M. Secretary of State for the Home 
Department :— 

The Beign of JAMES 1. 1603-23, edited by 
Mrs. GsssK. Vols. I. to IIL imperial 8to. 
15i. each. 

The Reign of CHARLES L 1625-26, edited 
by JouN Brucb, V.P.S.A. Imperial Sro. P5a. 

The Reigna of EDWARD VL, MARY. 
ELIZABETH, 1547-80, edited by R. Lxhok, 
Esq. Imperial 8?o. 15a. 

Historical Kotea relatiTS to the History 
of England, from the Accession of HENRx 
VIII. to the Death of ANNE (1509-1714), 
compiled by F. S. Thomas, Esq. 3 toIs. 
imperial 8to. 40s. 

State Papers relating to Scotland, from the 
Reign of HENRY VIII. to the Accession of 
JAMES I. (1509.1603), and of the Cone* 
spondence relating to MARY QUEEN of 
SCOTS, during her Captiiity in England, 
edited by M. J. Thohps, Esq. 2 toU. imp. 
8to. 30s. - 
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Calvvt — Tba Wlfa'i Uuatl ; or, 

Pn^crt, nioiuhti^ and Rang* on 8st«nl 
Ommom of a Uitran'i Lifs. Br tbe B«r. 
W. CAIiTimi, U.A. Onumentcd from Dc- 
liga* hj thM Aotbor in lb« iljla of Qurm 
BifhlA'i FrtftfBook. Second Edition. 
Cra*> Btol lOi. Sd. 

CrUow.— Popnlu CoBchoIogy; or, th« 

Shn CaWnrl ■rranjicd accordinf l« Uia 
Uedara Sjitrai : n'ilb a detailed Arcount 
of tha Animala, and a roniplcte De-criptira 
liat of Iha Fainilici and Oencra of Rcctnt 
•ad FoaiU Sbrlla. Bj Aoxu Cmow. 
Seceod Eililion, much iinproTcd j with 405 
Voedcal Illnttrationa, Foit Sto. price 14a. 

CedL— The Stnd Fann; or, Hlnti on 

BiMding norm for Iba Turf, IhaChaie, and 
tba Boao. Addreued to Bnxdcri of Bace- 
Hpnn and Uunlcra, Landed Fnipneton, 
and Mpceiallj to Tenant Farmrn. Bj 
CxciL Tep. Sro. nilh Fronliapieee, Bt. 

OMlTa RaUarnctlea; or, ElnU n TntlalBf 
far Iha TurC tha Chue. and the Road | 
with Obaerraliona on Rtriiij and IIunl> 
ia^ Waatiiw, Race-Hiding, and Handi- 
capping I Addnaied to Ownera of Rafcra, 
Banter*^ and olhrr Honci, and to all who 
■ra eoBcemed in Racing, Blreple-Chneing, 
•ad PM-IIunling. Fcp. Sto. with Plate, 
priea ta. half-bonnd, 

ChapnULiL — HlBtoi7 of Gsfitams Adol- 
pho* and of tlie tDiirtj Vcan' War up to Iha 
king'a Death 1 With tome Account of it* 
ConcloMoa br the Peace of Wntphalia, in 
JUS. Bj ii. CHiriCAX, U.A., Ticar of 
Leibctfaead. Seob with Pbo*, 12*. ed. 

CluTreol On the Humonj and Contrut 

of Coloat*, and their Applic^tiona to tba 
Aft*: Including Pa in ling. Interior Decora- 
UoB, Tapeitrira, Carpet*, Uouici, Coloured 
Ohaiag, Paper-Staming, Calico- Printing, 
Lei terpm*- Printing, Uap-CoIouring.Dreia, 
Landacapa and Flower-Oatdening, Le, 4e. 
Tnndated br Cmamu* Utsill. Second 
EditiMi with 4 Plate*. Crgwa Bro, 



Cenjbatrt ud Howion.— Tha IJfB and 

Xpitlln of Saint Piuli Compriting ■ c«m- 
pkta Biographj of the Apoitlt^ and a 
TnnahtioB of hi* Kpiitles iniaiad ia 
CboMkigiral Order. Ur the Rer. W. J. 
CmnuBn, U.A.| and tha Be*. J. 8. 
IlOWiOlf, U.A. Stioud E'lilm, mited and 
tomeuA I wilh aercnl Mapa and %Vuod> 
cat*, and 4 Plalea. t rela. aquan mwn 
•vo^ lU ed. etolb. 

UA h I •lb. He. Htnlih-Bv aka ta kbk 



CbroDicleB and Memorials of Great 

Britain and Ireland during the Middle Age*, 
publiihcd by the aulhoni; of JI.U. Trca- 
■urj, under tba direction of tha Uailer of 
the Roll* Boja] Sto, 

IhaH 

Clironicon Monulerii de Abingilon, edited 
hjBoT. J.Stitbmox Vol. I. 8i. 6d. 

LiTca of Edward the Oonfr*M>r, edited br 
tlie Re*. II. R. LiT.imi>, U.A B*. 6<!. 

Monumenla Franciican*, edited by llie Srr. 
J. S. BRKWl:I^ M.A Si. Bd. 

FifciiuU Ziiinioniin Maciitri Johanuia 
WjcILf cum Tritico. Edited by tha Ber. W. 
W. SmnuT, 1I.A. St. 6J. 

StewBri'i Bulk of the Croniclii of Scotland, 
edited bj \V. B. TCHSBrlx Toi.1. 8*. Gd. 

J. C*pg;aTe Liber de IDnitribui llenrici*, 
edited by RcT. Y. C HisoHTOX, M.A. Bi. 6J. 

Eii;:liih Tranilalion of CapynTc'* limit r./ 
tie lllmlria— Hnria, b; the Rer. F. C. 

IlLvorsTOS, M.A 10*. 6d. 

niilu,-ii dc Monttlerii 8. .liisaatlui Canlua- 
rcn>i», edited bj Rer. C Uikowicki. 8*. 6d. 

Counollj.— Hlstoijof the Rojal Sappen 

and Slincn : Including the Scrricn of the 
Corp* in the Crimea and at the Bief^ of 
i(t'baito|<al. Br T. W.J. CosMiLLr, (Jiur- 
lemiatter of llie R'jjbI EnginnT*. SrtoaJ 
KJilio^, reritrd and enlirgtil i with 17 M* 
loured plate*. E eol*. 8f o. prio* 30*. 

Dr. Copland's DlcUon&i7 of Practical 
Medicine r Compriting Ornrral Pilliologr, 
Iha Kitura and Tlralnienl of I>lH*•r^ 
Morbid Slrucluree, and lb* Diiotdert r*' 
ivci>ll:r incidrntal lo Climate^ to Ses, and 
to tl>e dilTrrent Epochi of Life ; wilh nuuf 
roiu approred Formula of the Unliriae* 
ttcommrnded. >'ow romplele in 3 toI*. 
St«. pfiM £S. 11*. doth. 

Bishop Cotton's IzsUnetioBS la the 

Poi-irir; and PfMlir* ofChrialianily. la- 
tended chicflr *■ an Inlrodudion to CodAt- 
nation. FtarlM EMna. 18«ao.Sa.Gd. 

CresT'a GoeyelopBdIa of Clril Engt- 

neering, IIiMorical, TheoivticaJ, and Pn» 
liral. Uluilraled bj upnaid* af 1,00(1 
W«ot1nit«. &rawf Oihtm. ra*i*«d aad 
brougbt down to lb* Pnaenl Time La * 
Sup|3nBent,i«i>prmn>Miti«poliUa Walef 
Hunply, Draiitaga J Towa*. Hailwa^i, 
Cubtral Praporlioa, llrirk ind Iro^ C«» 
■traclioa, Inm Screw FiW> Tnbujar Brtdfa* 
»-. Sea. Oa. eblk. 
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Crosse.— Uemoriftis, Sclentiflc and Id- 



Crowe.— The Hietory of France. By 

Etbs Etans CaowB. In Fit* Volumei. 
ToL. I, Sto. price 14«. 

Cmiksliaiik. — The Ufe of Sir John 

FilstafT, illuitnted ia > Seriei of Iwetttj- 
four origin&l Etchingi hy Owr^ Ornik- 
ihink. Accompanwd I7 od imagiiurj 
Biogniphj of the Knight bj Sobbbi B. 
Bboqoe, KojbI Sto. price lEi. 6d. eloth. 

Lady Cast's loralid'e Book.— The la- 

Talid'i OimBaokt A CoUcctioiiof B«cipel 
from TtriouB Book* and Tirioai Conntnet. 
B; tlie HoQoimble List Coit. SMmid 
Edili«it. Fcp. Bto. price Z*. Od, 

Dale.— The Domestic Liturgy and Famify 

Cliaplam, in Tiro Ferti : PlRT L Otureli 
Serricc* ■dspl«d for Domestic TTke, with 
Fnyera for EferyDaj of tbeWcek, (deoted 
from (he Book of Common Pnjeri Pabi 
II. BD appropriate SermoQ for Ereij Sundaj 
in the leu. B; the Ber. Thoiui Dai^ 
M.A., CanoD Beeidentiarr of St. Paul'*. 
Second Edition. Post 4to. 21*. dothi 
Slg. ea. calfi or £2. 10a. morooco. 



Davies.— Algiers in 185V: Its Accesd- 

bilil;, Climate, ntid Reioarcei deecribed 
with c'pccial i-cfcrcnce ■□ Engliali Tntalidii 
with ddaili of Rccrc:ition oblsinable in iti 
ICeiglibourliood nddrd for the uee of Tra- 
Tcllfrs in general. By the Her. E. W. L. 
Datieg, 11, a., Oiod. Poat Sio. with 4 
Illiutraliona, 6f. 

Davy {Dr. JJ — The Angler and Us 

Friend ; or, Piacalorj Colloquiei and Fiih- 
mg Eicursions. Bj John DiTT, U.D., 
F.B.S., ic. Fcp. 8to, price 6». 

Tut iigier (n the Lake Diitrlot: er, Plicatary 
CoUoquiea and Fiaiung Eicuraiont in Wegt- 
inorrland and Cumberland. Bt Josh 
DiTT, It.D.. F.R.S. Fcp. 8vo. 6i. 6d. 

Delabeche.— Report on the Geology ot 

ComwsU, BcTon, and Weit Someraet. ,By 
SirH.T. DKLiBKCHZ,F.B.3. With Map», 
rialct, and Woodcuta. Sto. price 14a. 

De la Rive.-A TreaUse on Electricity 
in Theory and Practice. By A. Dl 1.1 BlTB, 

Profeasorin theAradeinyof Qencra, Trint- 
lated for the Author by C. V. 'WaLBlB, 
F.R.S. With numerou. Woodcut lUualrft- 
tioni. 3 tola. Sto. prioe £3. 13a. cloth. 



Abbe Domenech's Uisdonaiy Adven- 

taroe in Teui and Mexico: A Pcrtooal 
Karratire ot Six Tean' Bqonm in IImh 
Begion*. Translated from the Vtmcb under 
the Author'i anperiiiteiideDCc. Stol villi 
Uap, lOt. 6d. 

The Eclipse of F^th ; or, a Visit to a 

Beligioiu Soeptio. ^IkEdiOoK. Fcp. Sto. 6a. 

IMMiee cf The tOlvf* of '*1^ ^ ^** 
Author I Being a Bejoinder to Frolenai 
KewmaQ'i Ren ' Inclndinf a fnB Eumi. 
nttioa of that Writei'i CHHeum on tba 
Character of Chriit i and a Ch^iter on the 
Aipect* and Preteniiona of Uooem Dciam. 
SeeutJ Edition, rented. Poat Sto. St. 6d. 

The Enc^hman'sOreek Coocordance of 

the Vtw Teatauent : Bring an Attempt at » 
Verbal CoDnaxion betwem tb« Ored and 
theBngliihTextat indttdinaaConeordane* 
to the Proper Namea, with Indeiea, Qnck- 
Bngliih and Eogliih-Oreek. Kew Bdition, 
witb B new Indaz. Soyal 8to. prioa 4ta. 



oordanoe of the Old Teitamait 1 Being en 
Attempt at » Twbal Connexion betwem 
the Original and the Englub Tranalation* [ 
with IndeicB, a Liat of the Proper Name* 
and' their Occurrencea, Ac 2 Toli. royal 
Sto. £3. 13a. 6d. j large paper, £4. lia. 6d. 

Ephemera's Handbook of AngUng; 

teaching Fly-Fiabing, Trolling, Bottom- 
Fishing, Sabnon-Fiihing ; With Uie Natural 
Uistor; of BiTcr-Fiah, and the best Modoa 
of Cat^iing them. Third Edition, corrected 
and improTcd] with Woodcuta. Fcp. Sto.Sb. 

^hemara'a Tbi Book of tlii Salmon; COm- 
priaing the Tlieorj, Principlo, and Prac- 
tice of Flj-Fiahing for Balmoni Lialt of 
good Salmon Flie* for every good TiiTtT in 
the Empira ) the Natural llistoty of tlia 
Salmon, ita Habit* Attvn*>tA, and the beat 
way of artiSnaU; Sreeding it. Fcp. Sro. 
with coloured Flatea, prioe 14s. 

Fairbaim.— nsefol Infonnation for Ea- 
gintCTt; BeingaSeriea of LteturesdeliTered 
to the Working Enginecra of Yorkshire and 
Lancaalure, With Appendices, containing 
the Bcsnlta of Eiperunental Inqniriea into 
the Strength of Materiala, Ibe Clnsea of 
Boiler Eiploaiona, Ac. By WiUXUI 
FAiBBiiBy.F.B.S., F.O.S. Sfrcud EdMtm i 
wiibnuTnerousPlateaandWoodcnta. Crown 
8to. prioe 10a. 6d. 

Fiacher.— Franda Bacon of Teralam: 
Bcalistio Philosophy and it* Ag& By Dr. 
K. FiKHBB. Translated by JOBIf Ox>V- 
TORD. Poet Sto. 9*. ed. 



KKW WORKS in KEW EDITIONS 



Fomter.— Rtmblef In the Iilands of 

Cbnica and Saidiniai With Notices of 
tlmr Iliatorr, Antiqnitie*, and preMnt 
Guodition. Bf TeoxAt FomiSTBB. Aa* 
thor of iVbmy m 1618-1849. With 
eolonred Map i and numerous Illuttrationt 
IB Colonra and Tinta and on Wood, from 
Dravinfi made during the Tour hj LieuC- 
GoL M. A. BxoDUXJB, B.A. Imperial 
ofk pnM Soft 

OaiTitti--HaiTeb and Mysteries of In* 

aliiicl 3 or, Curioaities of Animal Life. Bj 
OiOBOi GAnniTT. Second Ediliom, reviied 
and bnproTcd i with a Frontitpiece. Fcp. 

8vow pnoa ml vq» 

anbtit— A Practical Treatise on Bank- 

inf. Bj Jixn William Qilbabt. F.R.S., 
Offneral Manager of the London and Wett« 
flunater Bank. Sirlk Edition^ refiicd 
and cidarged. 2 Tolt. 12mo. Portrait, 16i. 

Gilbtit- Logic for the Million: A 

VamQiar Eipoiition of the Art of Reasoning. 
B^ J. W. QiLBABT, F.R.S. 5th Edition i 
with Pottmil of the Author. 12mo. 3s. Gd. 

0Mf.— Essays, Biographical, Historicali 

and Miscelhineous, contrihutrd chicflj to the 
Edimimrfk and QuarUrfy Bevieics, II j the 
lUr. O. R. QLrio, M.A., CliapUin -General 
to the Forces and Prebendary of St. Paul's. 
1 tola. 8to. Sla. 

The Poetical Works of Oliver Goldsmith. 

Edited hj BoLTOX ConyiT, £m|. I1Ju«t rated 

a Wood Enmrings, from Designs bj 
mbcri of Iho Etching Club. Souara 
i Sro. doth, Sla. i moroceo, £1. lea. 



Oosse. — A MatnralisVs Sojonm in 

JamakflSL By P. H. Ooaaa, Esq. With 
Phtai. Poat 8? Ob price lia. 

Oxtaihed.— Letters from Delhi during 

tha Siege. By H. If. GBBATncis Esq^ 
Tloliticar Agent . Poat Sto, 

Onen.— Utos of the Princesses of Eng- 

land. By Mrs. Mabt Ax^b Etbbbtt 
GaiXV» Editor of the Letters if Jltyai mnd 
Iflmtinomt Lsdiet, With numerous Por- 
Cntta. Complete in 6 rola. post 8? o. price 
lOi. 8d. cadk — Any Volume may be had 
jtpanalfff to eompleto seta. 

flrqfiOD.— Selections from the Corrs* 

■p n od ene a of R. £. U. GaBTsosr, Em. 
KdHad by tho Author of ru Eehpn if 
Fmik. Secood Edition. Crown 8fO. 7s. Oi 

Oraft.*-Th8 Correlation of Physical 

Petm. Bf W. R. Giors. Q.C., M.A., 
PJLSi, Ae. Tkied Ldiii^m. Sro. prica 7a, 



Gomey.— St Louis and Henri IV. : Beinj 

a SMond Scriea of Uutorical Sketches 
By the Rer. Joiiir II. Gubscbt, M.A., Rectoi 
of St. Mary's, Maiylebone. Fop. 8ro. 6a. 

■ 

Eraniaf RceraatioiiB ; or, Samples froa th< 
Lecture-Room. Edited by the Rer. J. II 
Gubnbt, M.A. Crown 8ro. 6s. 

Gwilt's Encyclopsdia of Architecture 

Historical, Theoretical, and PractiosL Bj 
JoBBrH Gwilt. With more than l,00i 
Wood Engraringa, from Designs by J. 8 
GwaT. Third Edition. Sro. 42a. 

Hare (Archdeacon).— The Life of Luther 

in Forty-eight Historical EngraTinga. Bj 
GrsTAT K5yio. With Explanationa bj 
Archdeacon Uabb and SuaAJtSTA Wi2tK 
woBTB. Fcp. 4to. price 28a. 

Harford.— Life of Michael Angelo Buon< 

arroti: With Translntions of manj of hii 
Poems and Letters ; alio Memoirs of i^aTO- 
narobi, R^iphaol, and Vittoria Colon na. Bt 
JOHX S. UABFOBD, Esq., D.C.L., F.R.S 
Second EJiltom^ thoroughly revited | witli 
20 copperplate Engravings. 2 sob. 8to. 25s. 

ninatnitionf, Arehiteetnral and Pictorial, « 
the Genius of ^licliarl Angelo Buonarroti 
With Dcsrriptions of tlie IMalcs, bj th< 
Commcnitalore Caxixa s C. R. ('ockkrslIi 
Esq., RA.; and J. S. ITiBruUD, Etq., 
D.^.L., F.R.S. FoUo.73s. Gd luiif bound. 

Harrison.— The Light of the Forge ; or 

Counsels drawn from the Sick'Bed of E. M 
Br the Rer. W. Habribox, M.A., Domestii 
Chaplain to II.RII. the Duchess of Osm< 
bridge Fcp. Sto. price 6s. 

Harry Hieofer.— Stable Talk and Tabh 

Talk I or. Spectacles for Young Sportsmen 
Bj HaBBT iIiBOrBB. Kaw Edition, 2 rola 
8ro. with Portrait, price 24a. 

HarrjRieow.-TheHBatiaf-Ftol^ ByKarr] 
HiiOTBB. With Two PUtea. Fcp. 8to 
6a. half-bound. 

Hany Riaorer. ~ Prattical HentmaBahis 
Bt IIaBBT UiBOTiB. SeeK^nd Ediiu^n \ witl 
2 Vlatca. Fcp. 8to. 6s. half-bound. 

Sarry HiaovM.-Tba Pwkat and th« itmd; tr 
Practical Hints on the ManA|vmeot of Xhk 
Stable. By Habbt Hikotbb. SeeoiU 
Edition t with Portmt of the Author. Fcp 
8? Ob price 6s. half-bound. 



Hany HlM?w.-ne StU, fcr PnetieBl P« 
posse and Praciiral Mssii Being a Quid 
lo the Clioice of a Uorse fee use mora thai 
for show. Bj Habbt HtBOTBB. Will 
a Plalea, Fcp. Sto. priet 6a. half-boossd. 
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BasaalL— Adalterationfl Detected; or, 
F]iin Initniclioni for the Dacorerj of 
FrauJi in Food and Urdicios. Bt Axibux 
Hiu. HiEBii.1, M.D. Lond^ Anal;*t of TUt 
Laactt SaniUiy Commiuion j and Author of 
the B£porti of ihat Conimiiiioii pabliihed 
loicT tlis titU of Food and ilt Jt/*lteTaliont 



Hasaall.— A Hiatoi; of the British Fresh 

Water Algeo : locluding D«i«riptian* of tb« 
Domidcn and DinlomnoeiB. Willi npnrdi 
of One Hundred Flitci of Pigorei, illni- 
trnting the ru-ioiu 3pecie». Bj Aaimrx 
niLL Jlxitki^ U.D., Author of Itierv. 
tarpic Anatomy cf tht Bumm Bady, he. 2 
toIj. Sto. nitb 103 PUIcf, prioe £L 15i. 

CoL Hawker*! lastnictlons to Toang 

Sfwrlamen in all that retalei to Gum Mid 
Shooting. 10th Edition, reriwd b^ Um 
Author'! Son, Uajor P. W. L. Havxkki 
with a Portrait of the Author, and nn- 
mcious FUtea and Woodcut*. Bto. Sli. 

Haydn's Eook of CigniUea : Containing 
RoUii or tho OtEcial FeraonaeBi of theBiitiah 

Empire, Ci.il, EccleslaBtical, Judicial, MiU- 
larj, I4aTa], and ilMnicipal, from the Earlieat 
Pcrioda to the Freaeut Time. Together 
vitb the SoTereigna of Europe, from the 
Foundation of their rosptctiTe Stateij the 
Peerage and Kobiht; of Great Britain i &o. 
Being B Kew Edition, improxed and conti- 
nued, of Brataon'a Political Indei. 8*o. 
price 2 Si. lulf-bound, 

Hayward. — Biographical and Critical 
E 5) ij 5, reprinted from Beiicna, with Ad- 
clitionj and Corrcctiona. By A. HaXWabO, 

Efq.,Q.C. 2toU. e»o.pric«ZlB. 

The Heirs of Cheveleigh: A Hovel. By 
OEHViiaK AnnoTT. 3 toIi. poit Bto. 
price 31>. Gd. 

Sir John Herschel.— Outlines of Astro- 
nomy. By Sib Jobk i". W. Eebschel, 
Bart.. K.H., M.A Fifth Exilian, rerised 
and corrected lo the eililing alata of Astro- 
namicnl Know ledge ; nith Plate) and Wood- 
cut a. Sto. price 18*. 

Sir Jolin Heriehel's Ettajrt from the Ediu- 

lar/k and Quart trig JtevleKt, with Ad- 
drcacea and other Ficcea. 8to. prii^ 18i. 

HhtchlifT.— Summer Months among the 

Alpa: With the Aicciit of Monte Hoaa. 
By TnoKifl W. JIischlipf, of Lineoln'a 
Inn, Barrislcr-nt-Law, With 4 tinted 
Ticira antl 3 Mnpi. Poit 8to. prieolOa. Gd. 



Hint! OD Etiqnettfl and the Huget of 

Sodetjt With a Qtance at Bad HaUta. 
New Editim, reriaed (with Additioiu) bj ■ 
IiadjofBank. Fep.Sro. prioe Half-m-Crowii. 

Holland. — Medical Hotes and Beflee- 

tioni. Br Bin Hkitbt Uoluitd, Beit, 
U.D., F.ILS.. Ac.. Phyaieian in Ordinaij 
to the Queen and Frince-Conaort. Third 
Edition, reriaed throughout and cotrecltd] 
irith Mma Addiliona. Sto. IS*. 

aoIlasd.-ChApt«r« on Ka&tal FhyiMog7. By 
Sir Himst Uoiaomd, Bart., F.ILS., Ac 
Fonndod chiefly on Chaptcra contained la 
HtJieal Note* and Xetectiau by the aaiM 
Author. Second EdUien. Foat Sto. Sa. Sd. 

Hooker.— Eew Gardens ; or, a Popular 

Qmde to the Bojal Botanic 0«rdena of 
Eew, By Btx WiLUiJc luxiajt Hooxzb, 
'KMufke., Director. ISmo. pricv Sizpenc*. 

Hoekei'i XoMsm of EeoamileBotaay; ar, a 
Popular Quide to the UMfal and B«d«A* 
•bb Trgetable Prodooti of the Uuieam 
in the Hoyal Gardena of Eew. ISmo. la. 

Hooker and Amott— The BriUsh Flora ; 

comprising the PhEEnogamoni or Flowering 
Flinla, and the Fem«. Serenth EditioTi, 
with Additiona and Correction! ; and nn- 
meroua Figurea illuitratiTe of the Umbelli- 
feroua Pl^ti, the Composite Plania, the 
Qnueea, and the Fcmi. By SiB W. J. 
EooiiB, F.R.A. and L.S., &c. ; and G. A. 
WixziB-ABVOTT, LL.D., F.Il3. ISmo, 
with 12 V\a.\f\, price 14!.; with vhe Flatea 
coloured, price ^a. 

Home's IntroducUon to the Critical 

Study and Knowledge of the Holy Scri^ 
turea. Ttnth EdiUon, reriaed, corrected, 
and brought down to the prtaent tineu 
Edited by the Rev. T. Hisrwsu. Horx^ 
B.D. (the Author) i the Bot. Bamdsl 
DATlSBOir, D.D. of the Unireraily of Halle, 
and LL.D. 1 and S. Pbisiavx TsBanxn^ 
LL.D. With 4 Ifapa and 22 Tignettea and 
Faciimilea. 4 Tola. 8to. £3, ISa. 6d. 
*■* T\\9 Tooj Tolniati mu alta b« had teBUratttw aa 

Vdl, I.— ABnmmirrorihtErliltDnAirlhtGtiiiilDewM, 
Amlicnllrilj, Uncomliiloil Prt«T«iilicHi,iuid Iraplrulonrf 

Vol.. II.— Tbe TejlofliitOfd Talommt cvnild«T*d : WUh 
mTrHllfaon Sacrtd lidtfrttietatlon; uid ft brief tntrcdoc. 
tlDnIolha(»l rnlaocil CdoIii inilUil .ilHT(V*a. BrS. 
Datldun,D.D.(lliUeIud LL.D. SriLb*. 

Vou III.— A SnmnimrT of HlbUal Gtoenphr and Antt- 
qiilllM. arUieB»i.T.M, Homa,D.D. amU*. . 

VolMlT.-AnlnlrodijcUDiilolhtTeitojlCrilld|mBflhe 
&Vllc»l'l™[Mri(lrn, una U» 'rrDftlndtr nrtaad wot 
•ditidbr ».l'.TicEtUti,I.I>I>. ....«Ta.iM. 
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Homa. " A Compendiooi Introduction 

to th« Stndj of Dm Bible By the Bar. 
T. Habtwsll Hobhx, B J>. Kew Edition, 
wiib Map* and Illutntionf. 12mo. Of. 

Hoskjat.— Talpa ; ofp tho Chronidef of 

• CUj Firm : An Agricultural Fragoient. 
Bj CMAyiKM VTinr IioscTXt, Esq. Fourth 
Kditioo. AVith 2i Woodcuti from tbe 
oricinal Detigna hj Geocqe Cbdiksuask. 
loBMu pnot OS. Od. 

How to Nnrea Sick Children : Intended 

MpoeiBUr m a Hdp to tho Xurses in the 
Hot|rilu for Sieli Ciiihlren ; but containing 
Dirtctiona of acrricc to all who hare the 
charge of the Young. Fcp. 8?o. la. 6d. 

Howitt (A. U)— An ArtStndent in 

llimScb. Bj AxvA Mabt Howitt. % 
vola. poet 8to. price 14a. 

Howitt— The Children'g Tear. By Mary 

Howm. With Four Illustrations, from 
Brsigna by A. M. Howrt. Square ICmo. St . 

Howitt^TaOangetta, the Squatter*! 

Uomei A Story of Australian Life. By 
WiixiAV Howitt, Author of JSeo Teart in 
ficfan'tf, Ac. 2 T(ji. post Sro. price 18s. 

Howitt— Land, Labour, and Gold; 

or, Two Trara in Victoria : With Visit to 
Sydney and Van Diemen's Land. By 
WUUAM Howitt. SetontI EdHion^ con- 
taining the most recent Information re- 
garding the Colony. % roll, crown Sro. 
priee lOi. 

Howitt— Visits to Remarkable Places : 

Old HiUs, Battle-Fields, an J Sccnrs ilhistra- 
tiTe of Strikine Pass igra in English UiMoiy 
and Portrr. By WiLuax Howitt. With 
about 80 \Vood Engraringt. yrw Edition. 
S Tola, square crown 8to. price 25fl. 

WDUam Hewitt's Boy's Coontry Book: Being 
the Real Life of a Count rr Boy, written 
bj hifuedf I exhibiting ill tfic .\imi>tfnifnts, 
IMeasum, and Punuiis of Cliildrrn in the 
Countrr. Kcw Edition i with 40 Wood- 

. rats. k'rp. Sro. price 61. 

Hewitt -Tho Bval Lifli ef EngUAd. By 
WiLU&M Howitt. New Edition, cor- 
rected and rcTiMdi with Woodcuts by 
Bewick and WUUams. Medium Sto. 21s. 

Hoc- Christianity in China, Tartary, 

and Tliibet. By M. I'Abb^ Ilro. fomrrly 
Missionary Apostolic in China \ Author of 
TXr Ckimet^ Empire^ Ac. Voij. I. aud II. 
8ro. Sis. I and vol. III. price lOs. Gd. 



Hue— The Chinese Empire : A Sequ( 

to Hue and Gabet's Jourmfy through Taria< 
and ThiM. By tbe A\>h6 lire, former! 
Missionary Apostolic in China. Seco» 
Edition ; with Map. 2 rols. Sto. 24a. 

Hudson's Flsdn Directions for Makin 

Wills in conformity with the Law i With 
clear Exposition of tho Law relating Xo tl 
distribution of PersonaJ Estate in the ca: 
of Intestacy, two Forms of Wills, and muc 
useful information. New and enlarecd Ed 
tion ; including the Prorinlons of the Wil 
Act Amendment Act. Fcp. Sro. 28. 6d. 

Hudson's Executor's Guide. New an 

enlarged Edition, rerised by the Auth( 
with reference to the latest reported Cjs< 
and Acts of Parliament. Fcp. Sro. Gs. 

Hudson and Kennedy.— Where there 

a Will there's a Way : An Ascent of Moi 
BUnc by a New Boute and Witliout Guide 
Bj the Her. C. Hi'DSoy, M.A., and £. 
EsN>- edt, B JL Second Edition, with Pla 
and Map. Post Sro. 5s. 6d. 

Humboldt's Cosmos. Translated, wil 

the Author's authority, by Mbs. Sabin 
Vols. I. and IL IGmo. ITalf-a-Crown ejc 
sewed ; 3f. Gd each, cloth : or in }>O0t St 
12s. each, cloth. Vol. III. post 5v 
128. Gd. cloth: or in IGmo. Past I. 28. G 
sewed, 3b. Gtl. eloth ; and Past II. 3s. scwc 
4s. eloth. Vol. IV. Pakt I. po»t Sto. 12 
cloth I and IGmo. price 78. Gd. eloth, 1 
78. sewed. 

Humboldt's Aspects ef Natnre. Translate 
w it ht lie Author's a uthoritT»l>3 Mrp.SABi5 
IGmo. price Gs. : or in 2 vols. 3s. Gd. eac 
eloth I Ss. Gd. rach, sewed. 

Humphreys. — Parables of Our Lor 

illumiimle*! and omamrnted in the »t^I^ 
the ?.Ii»»als of the Renaissance br IIl.<i 
Noel HrMrnarTS. S4uire fi-p. 'Sto. 11 
in iii.i.«»irr larrrd rcTcr»i or 30». buur.d 
morocco by llajday. 

Hunt — Researches on Light in 

C?u*miral lM'!.ttions ; embriinng a Co 
sidrr!itii>n of all the rholo^ra|thio Procr«M 
By RoB&ar HrsnT. F.R.S. Second Editic 
with rUte and Woo^lcuts. Sto. lOt. Gd. 

Hutchinson. — Inpresslons of Westei 

Africa : With a Report on tlie Pcvuhiriti 
of Trade up the Rum ia the Bight 
Biafra. 11 t T. J. IIrfcii!«s09(, l'f< 
Bnli»h Cvntul for the lli^hl of Biafra ai 
the l*Und of Fernando Pow Foil 8< 
pnce Be. Od. 



|^«^«a^riMAkb«M«a 



aH^^i^J^M 



m 



piTBLXBHSD BT LONGKAIT, BBOWN, iv» CO. 



U 



Idle.— Hints on Shooting, Fishing, ftc, 

both on Sea and Land, and in* tba Fresh* 
Water Lochs of Scotland : Being tha Bxpo- 
riences of C. Idlb, Esq. Fep. Sro. St. 

Mrs. Jameson's Legends of the Saints 

and Martjrs, as represented in Christian Art: 
Forxniiig the Fibst Ssbies of Soared and 
Lege7idaiy Art. Third Edition, revised and 
rmprorcU; with 17 Etchings and upwarda 
of 180 Woodcuts, many of which are new 
iu this Edition. 2 toIs. square crown 8ro. 
price 31s. 6d. 

jSxu Jameton*a Legenda of the Honaatie 
Orders, as represented in Christian Art. 
Forming the Second Sebees of Soared ond 
Legendary Art, Second Edition, enlareed | 
with 11 Etchings bj the Author, and 88 
Woodcuts. Square crown 8to. price 28a. 

Hn. Jameson's Legenda of the Kadonna, 
as represented in Christian Art t Forming . 
the Third Sebies of Sacred and tegtndartf 
Art, Second Edition, corrected and en- 
larged ; with 27 Etchings and 166 Wood 
Engravings. Square crown 8to. price 28s. 

Mrs. Jameson's Commonplace-Book of 

Thoughts, Memories, and Fancies, Original 
and Selected. Part I. Ethics and Character ; 
Part II. Literature and Art. Second Edit* 
revised and corrected; with Etchings and 
Woodcuts. Crown Sro. 18s. 

Mrs. Jameson*i Two Lectures on the Employ- 
ment of Women : — 

1. SisTRCS of Crakitt, Catholic and Protestant, 

Abroad and at Home. Stcond Edition^ with new 
Preface. Fcp. 8vo. ia. 

2. The Cosmrrriow of Laboitb: A Second Lecture on 

tlie Social Kinployxnent of Women. Fcp. 8vo. St. 

Jaquemet's Compendium of Chronology: 

Containing the most important Dates of 
General Uistory, Political, Ecclesiastical, 
and Literary, from the Creation of the 
World to the end of the Year 1854. Edited 
hy the Rer. J. Alcobx, MA. Second 
Etfition, Post 8vo. price 7s. 6d. 

Jaquemet's Chronology for Schools: 

Containinflj the most important Dates of 
General History. Political, Ecclesisastical, 
and Lilomry, from the Creation of the 
Worid to the end of the year 1857. Edited 
hy the Rer. Joun Alcoric, M.A. Fcp. 8to. 
price 8s. 6d. 

Lord Jeffrey's Contributions to The 

Edinburgh Review. A New Edition, com- 
plete in One Volume, with a Portrait cn- 
graTed by Henry Robinson, and a Vignette. 
Square crown 8vo. 21s. cloth | or 30s.calf.— 
Or in 8 vols. 8vo. price 42s. 



Bishop Jeremy Taylor's Entire Works : 

With Life by Bishop Hsbzk. Barised and 
corrected by the Ber. Chaslxs Pagx Edkv, 
Fellow of Oriel College, Oxford. Kov 
complete in 10 Tola. 8to. lOs. 6d. eedi. 

Jolinston.— A Dictionary of Geographyi 

DescriptiTe, Physical, Statiatiral^and Histoii* 
cal: Forminff a complete General Gkxetteer 
of the WoruL By A. Exith Johkstojt, 
F.B.SJB., FJEt.G.S., F.a.8., Geographer aft 
Edinbnnh in Ordinary to Her Majeeky. 
Second Edition, thoroughly reriaed. In 1 
Tol. of l,3G0 pagea, compriainr about 50^000 
Names o| Phcea. 8to. 86a. doth| or half- 
bound in*ruatia| 41a. 

Eemble.— The Saxons in En^and: A 

History of the English Commonwealth till 
the Norman Conquest By Johv M. l^x- 
BLiy ILk^ Ao. 2 Tola. 8to. 28a. 

Eesteven.— A Manoal of the Domestio 

Practice of Medicine. Bt W. B. Exsrsmr. 
Fellow of the Boyal College of Sorgeoni of 
England^ Ac. Square post Sto. 7a. 6d. 

£3rby and Spence's Introduction to 

Entomology ; or. Elements of the Natural 
History oflnsects : Comprising an Account 
of Noxious and Useful Insects, of their Meta- 
morphoses, Food, Stratagems, Habitations, 
Societies, Motions, Noises, Hybernation, 
Instinct, &c. Seventh Edition , with an Ap- 
pendix relatire to the Origin and Progreat 
of the work. Crown 8to. 5t. 

Mrs. R. Lee's Elements of Natural His- 
tory ; or. First Principles of Zoology : Com- 
prising the Principles of Classification, inter- 
spersed with amusing and instruetire Ao« 
counts of the most remarkable Animala. 
New Edition; Woodcuta. Fcp. Sto. 7a. 6d. 

The Letters of a Betrothed. Fcp. Svo. 

price 5s. cloth. 

Letters to my Unknown Friends. By 

a Ladt, Author of Letters on Hafpineu, 
Fourth Edition. Fcp. 8to. 5s. 

Letters on Happineti, addressed to a Friend. 
By a Last, Author of Letters to my Unknown 
Friends. Fcp. 8?o. 6s. 

L.E.L.— The Poetical Works of Letitia 

Elizabeth Landon ; comprising the Impro' 
visatrice^ the Venetian Bracelet^ the Qoldem 
Violet^ the Troubadour^ and Poetical Remaina. 
New Edition ; with 2 Vignettes by B. Doyle. 
2 Tols. 16mo. lOs. cloth ; morocco, 21a. 
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NSW WOSKS in NEW EDITIONS 



LARDNER'S CABINET CYCLOPEDIA 



0ff XDttoiy, 



'i Blographj, literature, the Arte and Seleneei, Natural Sstory, and Kannfaetnrei. 

A Series of Original Works b7 

Thomas KBieiiTi.aT» 
John Fomtbr* 
SiK WALTaa Scott, 
Thomas Mookb, 

AND OTHsa Sminbnt WaiTsas. 

Complete in ISS toIs. tcp, Sro. with Vignetts Titles, price, in clotb. Nineteen GnioeM. 

TiM Works 9€p€trmi9tf, in Sets or Series, pries Tliree Shillings and Sixpence cmch Volnmt. 



Sia John Hbbschsi., 
Sir Jambs Macbintosh, 
RoBBRT South BY, 
Sia Datio Brbwstbb, 



BisHor ThirlwalLv 
Thb Rbt. O. R. Qlbio. 
J. C L. Db Sismondi, 
John Phillips, F.R.S., QS. 
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A Liii qf ih§ Woaxs compering ikt Cabikbt Ctclopjidia :— 
BdraHUIoryoritiiMia ttoU.lte.6d. | U. LardnerooHMt lToL3s.ed. 



1L BeU'tLlTM of BriUah Foils StoIs. 7s. 

n. Bremter'tOiitks lTol.8s.6d. 

a. Oookj't lUrttims and InUnd Dlseorerj t vols. 10s. 6d. 

iwCkovarsHislocyorFnaes tToU.10s.Cd. 

«. Pi Moffsn on PfobsMMUss lToLSs.6d. 

7. Ds SUsMiidl's History of the Italisn 

Sspahlles 1 toL 8s. Sd. 

iL DsStnaondi'BFSll of the Booun Empire StoU. 7b. 

ei. Donsvsn's Chtmlttrr lTol.8s.6d. 

M. Donovan's DooMstte Beonomy CtoU.7s. 

11. Dvnhani's Spoln and Portofal 5ToU.17B.6d. 

n. Ikmham's HUtocy of Dsnmark, Swsdm, 

•ndXorwsy SToU.l¥S.6d. 

It.Dnnham'snUtoryofPobnd. lToL88.6d. 

li. Dvnham'B Oonnanle Empirs tToU.10B.6d. 

Wk Dvnham's Evrops daring the Mlddls 

AfBS 4T0U.14S. 

ISw Dnham'S Biftiah Dnunstlsts 1toIb.7s. 

17. Dvnham's Lites of Baily WriterB of 

OnoS Britain lToLt8.6d. 

ML Ftngns'B History ofthsUnttod States .. tToU.7s. 
ML FoabrokS'B Qrseianft Roman Antiquities t toU. 7s. 
Ml ForsUr's Ures of the Statosmen of the 

OoaunoBvsalth S toU. 17b. 6d. 

B. GUig's LiTts of British MfUtary Com- 

numdsrs SToU.10B.6d. 

tt. Grsttan's History of ths Xslhsrlands .. . 1 toL ts. 6d. 

ML HenBlow*B Botany lTol.SB^6d. 

M. Bsrschcrs Astronosoy lToLSs.6d. 

flw HerBchsTs Diseoarss on Nstnrsl PhQo> 

sophy lT0LtB.6d. 

SIL HUtory of BoBBS StoIs.7b. 

17. HIslstyofSwHserUnd. lToLS8.6d. 

ML HoOsnd'a XannfiMtnrBs In Metal tToU.lQB.6d. 

Ml Jamss's Ures of Foreign Statsamtn .... 5 toI*. 17b. 6d. 

Se. Kater and Lsrdnsr's Mechsnks lTol.SB.6d. 

SL Ksightlcy'BOttdlnca of History lTol.Ss.6d. 

se. Lsrdner's Arithmatto lToL8s.6d. 

lTa.Ss.6d. 



SS. Lardner's HydroBtatlos snd Pnsnnutles 1 Tot Ss. 6d. 
SS. Lardner snd WaUcor's EUctridty and 

MagnstUm StoU.7s. 

S7. Msdcintosh, Foratsr, snd Ooorisnsy's 

LiYCS of BritUh Statesmen 7ToU.tls.6d. 

SS. VscUntoah, WalUcSi and BsU'a History 

of England. 16toU.SSs. 

M. Montgomery snd Shelley's smlnsnt Itn> 

llan, SpanUh, and Portognsss Authors S toU. 10s. 6d. 

4fi. Moors'B HUtory of IreUnd. 4toU.14s. 

41. mcolaa'a Chronology of History lTol.Ss.6d. 

4S. PhUUps'sTrostUe on Geology StoU.7s. 

4S. Powell's HUtory of Kstnral Philosophy 1 toI. Ss. 6d. 

44. Porter's TrsalUe on the Mannfkctnrs of 

Silk lTol.Ss.6d. 

45. Porter's MsnolhetnrBS of Poeerisin snd 

GUss lToLSs.6d. 

46. BoBooe'B Britiah Lnwyers lToLSs.6d. 

47. ScoU's History of ScotUnd tTols.7s., 

48. Shelley's Utss of eminent Fksndi 

Authors ,. .tToU.7s. 

49. Shocksrd snd Swalnaon'a TnaecU lToLSs.6d. 

se. Soothsj's Lires of British AdmiraU .... ft toU. 17s. 6d. 
51. StBbblng's Church History tTola.7s. 

5S. StBbblng's HUtory of ths Refbnnstlon. . t Toto. 7s. 

53. Swalnaon'sDiseonrssonKstursl HUtory lToLS8.6d. 

54. Swalnson's KstursI HUtocy and Oassl- 
flcatlonof AnhnssU lToLSs.6d. 

55. Swslnson's HsblU snd Instinels of 
AnimaU lTol.S4.6d. 

56. Swalnaon'a Birds StoU.TS. 

: 57. Swalnaon'a FUh. BeptUeSi te. tT«lB.7S. 

I BS. Swslnson's Qnadrupsds lToLSs.6d. 

se. Swalnson's ShclU snd ShcB-FUh lToLSs.6d. 

66. Swalnson's AulmsU In Mcnsgcrtos lTol.S8.6d. 

6L SwaioBon's Taxldsm^ snd BiQgrsphy of 

ZooUgUls lToLSs.6d. 

6k ThIriwsU's HUtory of Grioes '..'.. . S toU. Sta. 



Sr. John Lindley'i Theoiy and Practice 

of Horticulture ; or, en Attempt to explain 
the jHincipal OperatioDS of Gardening upon 
Physiological Grounds: Bein^ the Second 
Edition of the Tkeorjief UorticmUwt^ much 
enlarged i with 98 Woodcuts. Sro. Sis. 

Dr. John Lindley'i Introdnction to 

Botanj. New Edition, with Conreetions and 
eopioue Additione. % toIs. 8to. with Six 
Platee and nnmeroue Woodcutii price Sde. 

Loiimer'i (0.) Letters to a Tonng Matter 

Mariner on eome Subieote connected with 
hisOdUn|. New Edition. Fep.8TO.6e.ed. 



Linwood.— Anthologia Ozonlensis, stve 

Florileginm e Lusibus pocticis diTerMnrum 
Oxoniensium Grveis et Latinis deoerptom. 
Ourante Ovuxlmo LimrooD, M JL, iBdis 
Christi Alumno. 8to. price Ida. 

London's Eneyclopsdia of Agricnltnre : 

Oomprising the IneoiT and Practioe of the 
Valuation, Transfer, Laying-^mt^ Inpvtyfe* 
ment, and Management of Landed P ropst ty, 
and of the OoltiTation and Boooonj of the 
Animal and Vegetable Prodnetiooe of A»H* 
culture. New and cheaper Edition t \ 
1,100 Woodctita. 8T0.81s.ed. 
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Loudon's EncyclopflBdia of Gardening: 

CompriBing the Theory and Pnctiooof Hor- 
ticulture, Floriculture, Arboriculture, and 
Laudscape-GardeniDg. WiCh manj hundred 
Woodcuts. New Edition, corrected and 
improTcd bj Mb8. Loupox. 8to. 50i. 

Loudon's Encyclopedia of Trees and 

Shrubs, or Arboretum ei Frutieetum BriUm* 
nicwn abridged : Containing the Hardj Trees 
and Shrubs of Great Britain, Katire and 
Foreign, Scientificallj and Popularly De- 
scribed. With about 2,000 Woodcnta. 
8to. price 50i. 

Loudon's Encyclopedia of Plants: Com- 
prising the SpeciHo Character, Description, 
Culture, History, Application in the Artts 
and every other desirable Particular respect- 
ing all the Plants found in Great Britain* 
Kew Fdition, corrected by Mb8. Lovdov. 
With upwards of 12,000 Woodcuta. 8to. 
£3. 13s. Gd. — Second Supplement, 2lt. 

Loudon's Encyclopedia of Cottage, 

Farm, and Yilla Architecture and Furniture. 
New Edition, edited by Kss. LoUDOV ; with 
more than 2,000 Woodcuts. Sto. 6dt, 

Loudon's Hortus Britannicus ; or, Cata- 
logue of all the Plants found in Great 
Britain. New Edition, corrected by Mrs. 
LouDoy. 8to. 31s. 6d. 

Mrs. Loudon's Lady's Country Compa- 
nion ; or, How to Enjoj a Country Life 
Nationally. Fourth Edition, with Plates 
and Woodcuts. Fcp. 8to. 68. 

Mrs. Loudon's Amateur Gardener's 

Calendar, or Monthly Guide to what should 
be avoided and done in a Garden. New 
Edition, Crown 8ro. with Woodcuts, 7f . 6d. 

Low'sElements of Practical Agriculture; 

comprebendins the Cultivation of Plants, the 
Husbandry ot the Domestic Animals, and 
the Economy of the Farm. New Edition ; 
with 200 Woodcuts. 8to. 21s. 

• 

Macaulay.— Speeches of the Right Hon. 

Lord Mscaulay. Corrected by Hihbelp. 
8vo. price 129. — Lord Macaulaj's Speeches 
on Parliamentary Reform. 16mo. price Is. 

Macaulay. — The History of England 

from the Accession of James II. By 
the Right Hon. Lord Macaulit. New 
Edition. Vols. I. and II. Sto, price 82s. | 
Vols. III. and IV. price SGi. 



Lord Macaulays ffistoiy of En^^d 

from tho Accession of Jamoa U. New 
Edition of tha first Four Yolamea of iba 
8to. Edition, rerised and corrected. 7 rolt. 
poat 8to. price 6a. eaeh. 

Lord Macaulay's Critical and Histoiical 

Essays eontributed to The Sdinba^ 
Beriew. Four Editiona, aa follows :«- 

L k LnRAKT EaiTiojr (tbs »tmik\ !■ S ««!■. Sva . 
prlMSSt. 

1. Complets In On ToLViat, with Pottnlt aad Tto- 
netic^^^Sqoart crown 8tcw pttca 21s. dolh; «r 



«• igjJ^Ksw E»iTxo», in S Tcln. ftp. Sww priea 

*• ^* 2S?^* toraoF, la t Tola. cnnrnSrow pries 
IS. dociu 

Macaulay.— Lays of Ancient Borne, with 

/r/y and ' the Armaieu By the Right 
Hon. LoxD MACAUI.AT. New Editaoik 
IGmo. price 4a. 6d. dothi or lOs. 6d. 
bound in moroooo. 

Lord Macaulay's Lays of Ancient Rome. 

With numeroua mnstrationsy Ombiel end 
from the Antique^ drawn on Wood by 
Qitat%t Scharf, jnn., and engirared by Samuel 
Williams, l^ew Edition. Fcp. 4to. price 
21s. boards ; or 42s. bound in morooco. 

Mac Donald. — Poems. By Geoi^ 

Mao Donald, Author of Within and Witk^ 
out. Fcp. 8to. 7a. 

Mac Donald.— Within and Without : A 

Dramatic Poem. By Gbobob Mao Dokau>. 
Second Edition^ rerised. Fcp. 8to. 4a. 6d. 

MacDougall.— The Theory of War illus- 
trated by numerous Examplea from His- 
tory. By Lieutenant •ColonelMAcDoUGAXX^ 
Commandsnt of the Staff College. Second 
Edition^ revised. Post 8to. with 10 Plana 
of Battles, price 10s. Sd. 

HacDongall. -The Campaigns of guntii^ti^ 
arranged and criticaily considered, ex- 
pressly for tho use of Students of Military 
History. ByLieut.-Col.P.L.MAcDouQALi^ 
Commandant of tho Staff CoUege. Post 
8to. with Map, 7s. 6d. 

M'DougalL— The Eventftil Voyage of 

IT.M, Diicovery Ship Resolute to the Arctic 
Hegiont in Search of Sir John Franklin and 
the Misting Cretct of HM, Iriecovery Shijn 
Erebus and Terror, 1852, 1853, 1854. By 
Geobos F. ^rDouoALL, Msster. With a 
coloured Chart; 8 Illustrations in tinted 
Lithography ; and 22 Woodcuts, 8to. price 
21s. cloth.. 
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KSW WORKS Am KEW EDITIONS 



Sir Jsmes Hacklntosb'f Miscellaneous 

"Worki : Including hit Contributiont to Tht 
Sdinbui^ B«TMw. Complete in Ona 
Volnmo I with Poiinil and Tiniette. 
Squart crown 8to. 21a. cloth | or 30b. oonnd 
an calf: or in 8 toU. (cp. 6?o. 21a. 



jABai JUcldntoih't History of England 
from tha Earliest Times to tlie filial Etta- 
blishment of the Reformation. Library Edi- 
tion, rerised. 2 toIs. 8? o. 21s. 



Mtdeod.— The Elements of Political 

Economy. Bj Hexat Dvuvivq Macleod, 
Barristcr-at'Iiaw. 8to. 16a. 

Waflead — Iha Theory and Practice of Bank- 
ing: With the Elementary Frinciulcs of 
Currency, Prices, Credit, and Excnanges. 
By UmT DuxHXO Maclsod, Barristcr- 
at*Law. 2 role, royal 8to. price 30s. 

IfCuIIodi's Dictionary, Practical, Theo- 

ivtical, and IIi»torical, of Commerce and 
CcMnnmial Karigation. Illustrated with 
]fa|M and Plana. Kew Edition, llioivuglily 
r rtiK d and correct«d | with a Suppleutent. 
•roL price 60s. cloth i half-niiiia, 55s. 

M'Cnlloch'ii Dictionary, Geographical, 

Slatittieal, and llifttorical, of t lie rrtrious 
Countries, Places, and principal >'atural 
Objects in the Worid. lUuitrated with Sii 
large Mape. Kew Edition, r.rincd; with a 
Supplenrai. 2 Tola. 8to. price OSs. 

Ksfnire.— Rome ; its Rnler and its In- 
stitutions. By Joiisc Francis Maocirc, 
lf.P. With a Portrait of Pope Pius IV. 
Post 8to. price lOs. Gd. 



Harcet's Conversations on Natoral 

Philosophy, in which the Elcnirnts uf that 
Seienee are limAlt.-irly eiplniiied. Tlnrtonith 
Edition, enlarged and rorrct'ted; with S4 
PUtea. Fcp. 8to. price 10«. Gd. 

■rib Kareet't Conversationa on Chemistry, 
in «hirh the Kleuinits of that Science 
are lamiiiarly cipUined and illu>tratcd hr 
Eiperimenta. ISew Edition, enUrged an& 
impffored. 2 Tola. frp. 8ro. price 14s. 

Martinean. — Stndies of Christianity: 

A Series of Original Pa|Krs, now firvt e«tl- 
kcted or new. By Jamsi MAniiUKAr. 
Crown 8to. 7s. OdL 

VnrtlMai.— Bndauvovi after the CkriaHam 
liCst Diseourses. By Jamks XlAariiiBAr. 
t vole, post 8fo. 78. 8d.rach. 



MarUnean.— Hymns for the Christian 

Church and Home. Collected and edited by 
James Mabtiubav. Eieventk Edition, 12mo. 
3«. 6i1. cloth, or 59. calf; Fifth Edition^ 32uio. 
Is. 4d. doth, or Is. 8d. roan. 

Martinean.— HiscelUnies ; Comprising Essays 
on Dr. Prifttlcy, Arnold's Life amd Vorrt^ 
tpondence^ Church and State, Theodore 
rarker's Ducotim of Retigion^ ** Phases of 
Faith," the Church of England, and the 
Bittle of the Churches. By Javu Mab- 
nvxAir. Post 8to. 9s. 

Mannder's Scientific and Literary Trea- 
sury : A new and popular Encyclopsdia of 
Science and the BcUes-Lettres i including 
all branchei of Svcicnce, and ercry subiect 
connected with Literature and Art. ^ew 
Edition. Fcp. 8ro. price 10s. cloth ; bound 
iu roan, 12s. j calf, 12s. 6d. 

Maunder's Biographical Treasury ; con- 

rifling of Meinoira, Sketches, and brief 
Notices of Bbore 12,000 Eminent Persons of 
All Agft and Nations, from the Earliest 
Period of History : Forming a new and com* 
firte Dirtionnry of Unifor»Al Biograjihy. 
Ninth Edition, rvTi#ed throughout. Fep.Sro. 
10*. cloth I bound in roan, 12i. | caif, 12s. Gd. 

Maunder*s Treasury of Knowledge, and 

I.ibrarr of Referrm'^. Compriaing sn Eng* 
lifh Dictionary and Grammar, a L*niTer»al 
Qax«-ttccr, a Clap^icnl Dictionary, a Clirono- 
lo^T, a Law Dictionary, a S\nop»iB of the 
PiXTnge, numrroiii ufcful Tablr», kc. New 
Edition, carefiiUr rerired and convfted 
tiiroui;hout : With Additions. Frp. 8to. 
10s. rioth I bound in roan, 12i. ; calf, I2i. 6d. 

Maunder*s Treasury of Natural History; 

or, a Populir Dictionary of Aniniatrd 
Nature : In which the Zitologiml Oiincf er- 
istics tliat diptinguivh the diffcrrnl Classes, 
Grnrra, and S|Krir», are combinrd with a 
rarirtT of interr«tirg Information lUustrati? e 
of the llabit#, inslinctf, and Qenml Eco- 
nomy of the Animal Kingdom. >Vilh iWO 
>Voodculs. New Kdition. Fcp. Sto. price 
lOt. cloth I roan, ISs. | c«l( iSs. 6d. 



Mannder^s Historical Treasniy; com- 

t arising a Onu'ral Introductory Oulliiw of 
/uiverftal History, Ancient and Modem, 
and a Series of separate Ilislorir* rif aTcfy 

iirinci|>al Nation lliat nists i tlieir Rusl 
,*rugrr«s. and Prevent Condition, the Moral 
and Social Chaiwrter of their rrspecf iv* In- 
habitant!, their Religton, Manners and Ois- 
loms, Ae. Nvw Edition i rerised I htoogh* 
out.withansw Gcxibal Ivoaz. Fcp. 8f«b 
I0s.cloth| roan,lSa.| call; lSa.8d. 
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Maunder's Geographical Treasiufy.— 

The Itvasury of Geography, PhTtica], ffia- 
torical, DcscriptiTc, and Political ; contain* 
ing a succinct Account of "Ewerj Country in 
the World : Preceded hy an Introductory 
Outline of the Historv of GJeography ; a 
Familiar Inquiry into the Yarietiet of Bace 
and Language exhibited by different Nationi; 
and a View of the Relations of Geography 
to Astronomy and Physical Science. Com- 
pleted by WixLLAJi Hughes, F.R.G.S. New 
Eriition ; with 7 Maps and 16 Steel Plates. 
Fcp. 8?o. lOtf. cloth ; roan, 12s. ; calf, 12f. 6d. 

Merivale. — A History of the Romans 

under the Empire. . By the Ber. Chaxles 
Mekitalk, B.D., late Fellow of St. John's 
College, Cambridge. 8to. with Maps. 

Vols. I. and II. comprliilnff the HUtory to tb« Fall of 
JuliusCttMr, Second Edition SBt. 

Vol. IIL to the MtabUahment oflhs Mouurd^r tv ^^ 
ffu$tu$. Second Edition 14a. 

Vols. IV. and V. from AuquHmm to C/a«Jiir», ».c. 17 to 
A.D. 54 SSk 

Vol. VI. from the Reign of Ktro, AJ>. &i, to tlM FdU of 
Jfru$alctn, ±.j>. 70 ISi. 

Merivale.— The Fall of the Bomaa BapaUio: 
A Short History of the Last Century of 
the Commonwealth. By the Ber. C. Auxx- 
VALE, B.D., late Fellow of St. Jolm's College, 
Cambridge. New Edition. 12mo. 7s. GcL 

rflerivale (Miss).— Christian Records: A 

Short ITiBtory of Apostolic Age. By L. A. 
Merivale. Fcp. 8vo. 7». 6d. 



•'Tljis Interest Inp and in- 
i4trui-ti\e little voIui:ie ii 
worthy of the attention of 
.ill ftiiJent^. It contalnn a 
c*onci>e |>aTni»lirn?e of the 
Act* of the Apoi'tfft, occa- 
sionally intruilucin»; the 
wor«b of the narrative itself, 
H-ith Kusjres'tionn for more 
correct tranttlationi of the 
original In certain j)lace», 
to^rether with mnrh valua>»lc 
infurination lO ilhi«traie the 

kistory We )>eai : ilv ro- 

connncnil ihiif work to those 
who are cncaced in the 
in-tnictitMi of the youjiij. 
The Sjujjdav J<<}»ool Teacher 



may derive mitny ntefVil 
liinti from it. And thoM 
who ore prejiaring for any 
examination at which a 
knowIeiiRe of the Acts of tt4 
Apo$ttf» it reiiuircd, will 
And it a valuable aumnuury of 
important matter oonneoed 
with the sacied narrative. 
Even the well-inttmcteil 
clerKymau may find hit 
meraorj- pleasantly refreshed 
by the nlluviont to many 
facts, and derive suj^cestions 
for lenderinR any letturei 
upon the Acta both interest 
in»; and urcful to his pef>ple." 
Jomif AL OP EnrcATiov. 



Miles.— The Horse's Foot, cmd How to 

Keep it Sound. Eighth Edition ; with an 
Appendix on Slioeing in general, and Hunters 
in particular, 12 Plates and 12 Woodcuts. 
By W. Miles, Esq. Imperial 8vo. 12s. 6d. 

V Two Cast? or Models of Off Fore Feet, No. 1, Shodfitr 
All Pi'i'jwrs, So. 2. Shod tcith LeaOer, on Mr. Milet't plan, 
may l>o had. price 'i: each. 

Uiles.— A Plain Treatise on Horse-Shoeing. 
By William ^f iles. Esq. With Plates and 
Woodcuts. New Edition, Poet 8vo, 2s. 

Milner's History of the Church of Christ 

With Additions bj the late Rev. Isajlo 
^IiLNKB, D.D., F.R.S. A New Edition, 
revised, with additional Notes by the Rcr. 
T. Grantham, B.D, 4 toIs. 8vo. price 52s. 



James Montgomery's Poetical Woria: 

CoUectiTe Edition ; with the Anthof'a Anlo- 
biognphieal Preiacet» oomplela in Ona 
Yomme ; with Portrait and Vignette. Square 
crown 8to. price lOs. 6d. cloth} moroooo^ 
21s. — Or, in 4 rols. lop. Sro. witH Portrait^ 
and 7 other Plates, prioe 14a. 

Moore.— The Power of the Soul over the 

Body, considered in relation to Health and 
Horala. By Gxobgx Moosi, IIJD. lytk 
Edition. Yep. 8to. 6a. 

Koere.— ICaxi and his XotiTei. By Oeorge 
Hoosx,M.D. Third Ediiiom. Pep. 8to. 6a. 

Koore.— The Use of tha Body in reUtSim to tii« 
Mind. By Gsoxox Hoosi, M.T>. I%ird 
Ediiioiu Pep. 8to. 6a. 

Moore.— MemoirSi Jonmali and Corre- 

spondence of Thomas Moore. Bdited hj 
the Right Hon. Lobd Johx Bussxix^ HJP. 
With Portraits and Vignette Dlaatmtioni. 
S Tolt* post 8to. prioe 10a. 6d. eaok. 

Thomas Moore's Poetical Works : Com- 

prisise the Author's recent Introdoctiona 
and Notes. The Tratrttler's Edition^ com- 
plete in One Volume, printed in Ruby l^rpe ; 
with a Portrait. Crown 8to. 12s. Co. doth ; 
morocco by Hayday, 21s. — ^Also the LUran 
Edition complete in 1 toL medium 8to. with 
Portrait and Vignette, 21s. dothi morocco 
byHayday, 428. — And the lint coileded 
Edition^ in 10 Tols. fcp. 8to. with Portrait 
and 19 Plates, price 85a. 

Moore. — Poetry and Pictures firom 

Tliomas Moore: Selections of the most 
popular and admired of Moore's Poema, 
copiously illustrated with highly-finished 
Wood Engravings from originu Designs by 
eminent Artists. Fcp. 4to. price 2l8. cloth, 
gilt edges; or 42s. morocco elegant or 
antique by Hayday. 

Moore's Epicoi ean. New Edition, with 

the Notes from the colleotive edition of 
Moore*9 Poetical Workt ; and a Vignette en- 
graved on Wood from an original Design by 
D. Maclibs, R.A. IBmo. 5s. doth; or 
12s. 6d. morocco by Hay day. 

Moore's Song^s, Ballads, and Sacred 

Songs. New Edition, printed in Ruby 
Type I with the Notes from the collective 
edition of Hoore^t Foetical Wori*^ and a 
Vignette from a Dcsifin by T. Creswick, R. A. 
S2mo. ,2s. Gd. — An Edition in 16mo. with 
Vignette by R. Doyle, prioe 6s. | or 12s. 6d. 
morocco by Hayday. 



ifxw woms iMtt raw XDinoin 



)lo<n% Sured Songi. th* Symphonlef 



T«iM^ priitod with U 



Mbera^ talU Rookh; An Oriental 

Ttt— - tTitk IS hisUr-flnijliad BImI 
PktM from Orifiail Dwigiu faj Corliould, 
IfMdowiW lod Ercphanofl', m*r>T>d nndor 
a* nperiatnidniM of Iha lita ChaHc* 
BMtk. N«« Edition. Sqnu* cron 8to. 
prk* IS*. doUi I morocco. Ml. 

■■■■rt XaDk BmU. Hov ZdidM, pilaUt 
I* Babj TVpc) with tlio Frebea and 
Kola ftom ItMCcSwtiT* adit ion of Moar/t 
fatliMt Ftrti, ud ■ Frontupicco rrom ■ 
DtaigB bf Xenny Mcadowa. Stmo. Ei. 6d. 
— Ab Sdition in ISmo. with Ti|netl^ B*. t 
OT Uk 6d. moKMco bj Hafdaj. 

Hoon^ LalU Bcokb. A Hew Edition, 

wilh nnmcroiu □uilraliom from orieiDal 
Dcdna br Jon Tk^oibl, mgr*T«d on 
Weed I17 the Brsihcn DiuiiL. Frp. 410. 
\I» prrptnliem. 

MeorA XiUh Uelodlai. A Haw Edl- 

tte, illnimted with IS higUj-lnbtiad 
Slad PUc^ from Original Daigaa bj 
iiiilnint Arlitta. Sqoira crown Bro. price 
til, doth ) or 8I1. 6d. bandfomclj bound 



iMnfi MA KateffiM, printed UmmbyTrpt; 
with the Praface and Hot** bom the col- 
iMtire edition of Xncr/t Foitiemt Fofii. the 
AdmtiMBraU on^oaUy prcSxed, aad ■ 
Fntrait of the l=tbor. Umo. t«. 6d.— 
Am Edition in Ifne. with Tipxtie, 8*. ■ 
or Ito. ad. BMmxea bj Uajdaj. 

gMi'i blah MdellM. mutnted by V. 
yadM*, BJL Stw Bdilioni wilh 161 
Dedfoa, and the «hoU of (be LcttCTprcaa 
wmrcd en SItcI. b* 7. F. Bwber, Bnvtf 
njtl Ito. »■. &L bouda I d. 11a. fld. 
awreeee by Ilajdif. 

Moored Iriih Helsdlei, the Unrio with 

Um Word* I lh« !iiophonin and Accom- 
oraiaMnli b; Sir Jtbn Btormton, Mar Doc. 
Ooapkta in On« Totumc, imall muaie ■■(», 
cmmient and Icfblc at the Pianoforlr, but 
■lui* porlibl* ihaa the otaal form of mn- 
*kal pubhcatimia. Imperial 0to. 31a. Sd. 
<lelh| or 42*. halT-baond in moroceo. 

Tlw Eirmonlwd AIn from Moon's 

bU, Uctedin, aa ertfiMll; arwird fcr 
^M^ Ihrar, or Fmr%aicr*, phnlM wilh 
theWenb. Inprrial Sre. IB*. rleUii or 



Hooro^ Hatioul Helodlei, with Unile. 
National Air* and olh«T Song*, now flrat 
collected. Bj Tbomaa Moore. The Moaie, 
fbr Voice and Pianoforte^ printed wilb the 
Worda, Imperial Sto. Sib, Od, cloth j or 
42t. haif-bound in n 



HonlL— Elements of Pqrcbology: F«rt 

I., containing tba Andj-ti* of the Inlelleeliial 
Powcn. Bt J. D. IIOMU, H.A., One of 
Hm Majeatj'* Inapedon of Sehoola. Poet 
8rft.7*.6d. 

Homing Clonds. Second and cheaper 



Uorton.— The Reionrcet of Estates : A 

TrcatiM on ilia Agrieultuml Improreincnt 
' and Qmcrsl Maoigniirat of Landed 
Propcrtj. Bj Johji LociniET MoBtOX. 
Ciril and Agrirultural Engineer; Author 
of Tliirtren Highland and Agrirulluie] 
Sonet T Prin EiMja. Trithl51Uu*trationi 
in Lilhographj. Jtojal Sre. Sli. Sd. 

Uoaete J.— The Hechanical Principles of 

Enginerring and Aichitectun, Bj B. 
UoasLiT, U.A., F.II.S.. Canon of Brietol. 
Ac Second Edition, cnUrgedi with no- 
ncrouaCDrrcclioniandWoodnitt. Bro.S4a. 

Hemoirs and Letters of the late Colonel 

ASMiKi UocKTAty, Aide-de<Anij> to the 
Queen, and .Idjutant-Oeaenl of lie* Ma- 
JFilj'* FoKn in India. Edited hr Mrf. 
MorsTiiv. Second Edition, reriico I wilh 
Portrait. Fep. Sto. price it. 

More. — A Critical Hlstoir of the Ua- 

gnag* acd Laleralure of Aaeimt OrtCM, 
Bj Wilu&m Uri^ H.F. of CUdwelL 
Be«ond Rdilioa. YOLt. I. loIII.Bre. price 
S6*. I ToL. IT. price IBa. 1 Toi. V. piio* IB*. 

Hnnaj'i Encjdopadla of Oeogr^hj ; 

eonprinni a nunplet* Deecriplion of the 
Earth I BxhJbiltBg it* Bekiioa to the 
nrermlj Bodiea. ita Phfiiral Slrwiure, the 
Ifatunl Uitlorj ef nch Counlrj, and Dw 
Indiwlrr, Commera^ Political InttitBlioD*^ 
and Ci*'j and Social Slate of AU Itaticn*. 
BcMnd Xdilioni wiibBSHaKtsdupwefda 
of 1,000 eUMrVnednrta. Ire. prie* ao*. 

KoRij. — Ftench nmace tad Fl- 

■aMwt* BBdrr Lonit the mteeBlh. D* 
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Keale.— The Closing Scene ; or, Chiis- 

tianity and InEdelitj contrasted in the Laai 
Hoort of Bemarkable Penont. B^^ tho 
BeT.SB8KurBNxALB,M^ KewBditiona. 
2 Tolt. fcp. 8to. price 6a. each. 

Kormanby (Lord).— A Tear of BeTola- 

tioD. From a Journal kept in Paris in the 
Year 1848. By the Karqois of KoxMA2f BT, 
£.0. 2 Tob. 8ro. 24s. 

Ogilvie. — The Master-Bnilder't Plan; 

or, the Principles of Orsanic Architeeiore 
as indicated in IheTypicalFormsof Animals. 
By Oeoboe Ooiltib, M J)., Lecturer on 
Institutes of Medicine, &o., Mariscfaal Ool* 
lepe and UniTcrsity, Aberdeen. Post 8ro. 
with 72 Woodcuts, price Gs. 6d. 

t 

01dacre.^The Last of the Old Sqnirea. 

A Sketch. Bj Cbdbic Oldacbb, Esq., of 
Sax-Normanbury, sometime of Cnrisi 
Church, Oxon. Grown 8to. price 9s. 6d. 

Osbom. ^' Quedah ; or, Stray Leaves 

from a Journal in Malayan Waters. By 
Captain Susbabd Osbobk, B.K.. O.B., 
Author of Siray Leavet fnun an Jrelu Jaw 
tiaf, Ac. With a coloured Chnrt and tinted 
Illustrations. Post 8to. price 10s. 6d. 

Osbom.— The Discovery of the North- 

West Passage by H.M.S. Inrettigator^ Cap* 
tain R. M'Clueb, 1850-1854. Edited by 
Captain Shebabd OsDORy, C.B., from the 
Logs and Journals of Captain R. M'Qure. 
Second Edition, rerised ; with Additions to 
the Chapter on the Hybernation of Animals 
in the Arctic Regions, a Geological Paper 
by Sir Rodbbick I. Mubcuison, a Portrait 
of Captain M'Clure, a coloured Chart and 
tinted Illustrations. 8to. price 15b. 

Owen.— Lectures on the Comparative 

Anatomy and Physiology of the luTertebrate 
Animals, deliTered at the Royal College of 
Surgeons. By Richibd Owbk, F.R.S., 
Hunterian Professor to the College. Second 
Edition, with 235 Woodcuts. 8to. 21s. 

Professor 0wen*i Lecturei on the ComparatiTo 
Anatomy and Physiology of the Vertebrate 
Animals, deliTcred at the Roral CoUege of 
Surgeons in 1844 and 1846. With numerous 
Woodcuts. Vol. I. 8to. price 14s. 

Memoirs of Admiral Parry, the Arctic 

Narigator. By his Son, the Rev. E. Pabbt, 
M.A. of Balliol CoUcee, Oxford ; Domestic 
Cliaplain to the Lord Bishop of London. 
Fifth Edition ; with a Portrait and coloured 
Chart of the Nortli-West Passage. Fcp. 
8to. price 6s. 



PattiBon.— The Earth and the Word; 

or, Gkology for Btt>la SlodeBta. Bj & S. 
PAXTiBOir, F.GJi. Fcp. 8to. wilh ooloimd 
Hap^8a.6d. 

Dr. Perdra't Eleiiiantii of Materia 

Medica and Therapentict. Xrd JB/itiom^ 
enlarged and improTod from the AoUior^b 
liaimalsy hr A. 8. Tatuxb, 1CJ>., and 
0. 0. Bbbs» M.D. t With nnmeroqa Wood* 
euta. ToL. I. 8to. 28a.| Tol. IL Paxt I. 
21s. I Vol. IL Past IL Ma. 

Br. Perdra't LeetorM ea Tdaxii^ U|^t, 
tc^ether with a Leotora on thalCieroaeope* 
2d Edition, enlarged from Mateiiala left oj 
the Author, bj the Ser. B. PowxLX^ lCjL» 
Ao. Fcp. 8ro. with Woodentib ^a- 

Perry.— The Franks, from their FIrat 

Appearance in Histoiy to the Death of King 
Pepin. B J WALTxm 0. Psbst, Barrister* 
ai-Law, Doctor in Philoaoii^ and ICaatcr 
of Arte In the Unirersit/ of CRMtingen. 
8ro. price 12s. 6d. 

Peschel'a Elements of Fhjdcs. Trans- 
lated from the Oerman, with Kotea, bj 
B. WxsT^ With Diagrams and Woodeota. 
a Tola. fcp. 8ro. 218. 

Phillips's Elementary Introdnction to 

Hineralogj. A Kew Edition, with extenaiTO 
Alterations and Additiona, bj H. J. Bbooxb^ 
F.R.S., F.a.S. I and W. H. Muxxx, MJL, 
F.G.S. W^ith numerous Wood SngraTingB. 
Post 8to. 18a. 

Phillips.— A Gnide to Geology. By John 

Philupb, MwA., F.BB., F.G.S., Ac Fourth 
Bdition, corrected to the Present Timei 
with 4 Platea. Fcp. Sto. 6a. 

Phillipi.— Fignrei and Beieiiptions of the 
Palsozoie Fossils of Cornwall, Deron, and 
West Somersets obserred in the coarse 
of the Ordnance Geological Sur?^ of that 
District. By JoHK Phillips, F.R.S.,F.OJ9., 
Ac. 8to. with 60 Plates, price 9s. 

Piesse's Art of Perfumery, and Methods 

of Obtaipmg the Odours of PhmU : With 
Instructions for thcManufactureof Perfumea 
for the HandkerchieC Scented Powden^ 
Odorous Vinegars, Dentifrices, PomatnmSi 
Cosm^tiqnes, Perfumed Soap, &o. | and an 
Aj)pendiz on the Coloura of ilowera. Arti- 
ficial Fruit Essences, Ac Second Editum^ 
revised and improred i with 46 Woodcuts. 
Orown 8ro. 8s. 6d. 



KBW WOSKB AVD KXW XDITIOKB 



OaptafaiPorUook'tBeport on the Geology 

of IW Ooiulj of Londondcrrf . uid of Ptfta 
of IVroiio and Feniuuuigfa« exBiniiied and 
dtocnbfd under tho Aothorit j of the Matter* 
GmwvbI and Board of Ordnioioa. eTO.wiih 
48 Ffelas prieo t4e. 

P0weIL-*Eisa7i on the Spirit of the 

IndoctiTo PhiloMph J. the Unity of Worlda, 
nd tbo Philoaopny of Crration. B/ tha 
Btfv.BAOBsr Powsu, MJL,F.Il.8^F.ILA.8., 
V.O^ 8a?flian ProfeMor <k Orometr^ in the 
Untvcnitj of Oxford. Second Edition, ra- 
Tiaad. Crown Sro. with Woodeata» ISa. Od. 

Ckiiatteai^ withont Jndaiaa: A Baeoad Sariaa 
of EiMja on tlie Unity of Worlds and of 
Kalura. By tha Ber. Badbv Powell, M.A., 
Ac. Crown 8? o. 7a. 6d. 

Pyeroft. — The Collegiany Gnide ; or, 

Bcoollectiont of Collega Dayi : Setting forth 
tha Adrantiget and TnnptationB of a Uni- 
v«T»ity Education. By (lie Rer. J . PrcBorr, 
B Jl. Sf€09d Ediiiom. Fcp. 8ro. 6a. 

Pyereflfi Oanraa af Xagliah Baadinf , adaptad 
to ^wj taata and capacity t or, IIow and 
What to Beadt With Literary Anccdotea. 
Kaw Bdiiioo. Fcp. 8to. prico 6a. 

F jm iTt Criekai-flald; or, tha Sdanaa aad 
Hiatory of tha Game of Crichci. Second 
Edition, greatly improred t with Plates and 
Woodcttta. Fcp. Sto. price 6a. 

Qnatrelligef (A. De). — Rambles of a 

Katuralist on tlia Coasts of France, Spain, 
aad Sicily. By A. T>% QFATRiPAOn, 
Ifenber of the Instituta. Trautlated hy 
X. C Orri. t ? ols. post 8? o. 16a. 

Baikea (O-Notes on the BeTolt in the 

KoHh-Westem Prorinces of India. By 
CuiELia Raikii, Judge of tha Soddcr 
Court, and late Ciril Corami^iioner with 
8ir Colin Otmpheli. Sto. 7s. 6d. 

Balkes (T J— Portion of the Jonmal kept 

by TnoVAl RAissa, Esq.. from 1831 to 1847i 
C0D|Mrising Bcminiycviicrs of Social aad 
Political Life in London and Paris during 
tkat period. Sett E*fitwm, complete in 
% vols, crown Sro. with 8 Portraits, priea 
Ua.doth. 

Baiey.— A Complete Treatise on the 

Bdrnea of Handling, Educating, and Tuaii^ 
•n llorsesi with a full and detailed Varra* 
tiro of hia Eipericnca and PractictL By 
Jonv 8. Rakst, of Ohlo^ tVl In 1 vol 
with Bttoiatwos lUustralioaa. [Jmti rway. 



Beade. — The Poetical Worln of John 

Edmund Beade. Kew Edition, rerisad and 
corrected i with Additional Pociua. 4 toIs. 
fep. Sro. priea SOs. 

Dr. Beece's Medical Guide : Comprising 

a complete Modem Dispensatory, and n 
Practical Treatiseonthadbtingnishing Sy mp* 
toma, Gauaea, Prerention. Cure, and Pallia* 
tion of the Diseases incident to tha Human 
Frame. Serenteenth Edition, corrected and 
enUurged hy tha Authot's Son, Dr. H. BiBOi^ 
M JLCJSI., Ae. Sto. ISa. 

Reel.— Personal NarrattTO of the Siege 

of Lucknow, from its Commencement to ita 
Belief by Sir Colin C^mpbelL By L. E. 
Reii, one of the Surrifing Defenders. 

fhird Edition, with Portrait and PUn. Pott 
fo. 9a.6d. 

Bich*8 ninstrated Companion to the 

Latin Dictionary and Greek Lezieon I Form* 
ing a Olofsary of all the Words representing 
Visible Ob)ects connected with tha Arts, 
^lanufacturts, and Every-Day Life of the 
Ancienta. With about 2,000 Woodcuts 
firom tha Antique. Poet Sto. Sla. 

Bichardson. — Fourteen Tears' Ezpe- 

ricnce of Cold Wsleri Its Uses and Abuses. 
Bt Captain M. RlcKAaDSOsr, Icile of tha 
4tii light Dragoona. Post Sto. with 
Woodcut Sy price 6a. 

Horsemanship ; or, the Art of Riding 

and Managing a Horse, adapted to tlie Quid* 
ance of Ladies and Ociitlcmen on the Boad 
and in tlie Field t With Instruct iona for 
Break ing-in Colta and Young Uorsea. By 
Captain If. BiCBAaDaov, lata of tha 4tb 
Light Dragoona. With 6 Platea. Square 
erown S?o. 14a, 

Honsehold Prayers for Fonr Weeks: 

With additional Prayers for Special Occn- 
siona. To which is added a Couna of 
Scripture Beading for Etcij Day in tha 
Year. By the Ber. J. B. Riddli» UJl^ 
Incumbent of St. Philip*S| Lcvkhai^pCoA. 
Croiin Sfo. price Sa. Sd. 

Biddle's Complete Latln-EncUsh and 

Enalish-Latin Dictionary^ for tho naa el 
Coikgca aad Bchoolai Ktw aad chrapar 
JEdt/iea, reriaed aad oorrsctad. Sto. Sla. 



;> 



A Ouida to tha tfaaniM. Qnalilj, aad 
righlAi -- ^ 

Biyal Sf ma> price de. 
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Biddle'B Copious and GriUcal Latin* 

Knglish Lexicon, founded on the German* 
Latin Dictionaries of Dr. William Fnund. 
New MiicA^i^)^ Edition. Pott 4to. 81a. 6d. 

Rivers's Rose-Amateur's Gnide ; contain* 

ing ample Descriptiona of aU the fineleadin^f 
Tarieties of Bosca, regularly claaaed in their 
respect ire Families; their Hiatoiy and 
Mode of Culture. Sixth Bdition, eorreeted 
and improTcd. Fcp. 8ro. St. 6d. 

Dr. E. Robinson's Greek and EngUsh 

Lexicon to the Qreek Testament. A New 
Edition, rerised and in great part re-written* 
8to. prioe 18t. 

Mr. Henry Rogers's Essays selected from 

Coutributiont to the Edhiurgk Jtmna. 
Second and eheaptr Edition, with Additiona, 
3 Tolf . fcp. 8to. 21a. 

Dr. Roget's Thesaoms of English Words 

ond Phrases classified and arranged so aa to 
facilitate the Expression of Ideas and aasisi 
in Literary Composition. Serenlh Edition, 
rerised and improred. Crown 8ro. lOt. 6d. 

Ronalds's Fly-ilsber's Entomology: 

With coloured Representations of the 
Katural and Artificial Insect, and a few Ob- 
servations and Instructions ou Trout and 
Gravling Fishing.* T\fth Edition, thoroughly 
rerised by an Experienced Fly-Fisher ; witn 
20 i;e\r coloured Plates. Svo. 14s. 

Rowton's Debater: A Series of complete 

Debates, Outlines of Debates, and Questions 
for Discussion ; with ample References to the 
best Sources of Information. New Edition. 
Fcp. 8to. 66. 

Russell (Dr.) — The Life of Cardinal 

Mezzofanti : With an Introductory Memoir 
of eminent Luiguists, Ancient and Modem. 
By C. W. RrssELL, D.D., President of St. 
. Patrick's College, Maynooth. With Portrait 
and Facsimiles. 8vo. 12b. 

The Saints our Example. By the Author 

of Letters to my "Unknown Friendt, &c. Fop, 
8?o. price 7s. 

Scherzer.— Travels in the Free States" of 

Central America : Nicaragua, Ilonduras, 
and San Salvador. By Dr. Oabl Schxezeb. 
With a coloured Map. 2 toIs. post 8to. 16b. 

** This is a work irhich adventure.. . . Dr. Scher> 

will Rnti»f\' all who love icr't !• umloubtedly the bett 

lively Uetall of troi>ical ef- work on Central America 

fects and niarveN, and are sbioo the aptiearanoe of Mr. 

not averse to touchcf of ho- Squiert* lively volumee." 
man romance and ■denUfle Athbvjbw. 



SchinunelPenninck CUrs.)— Life of Maij 

Anno SchimmdPcmalnokt Autbor of &£mI 
Mfemain tf Fori Bofi^ and otbtr Woiki. 
Edited l^ her Bdation, GRunxaSA OL 
HAKxnr. 2 toIb. pott 8to. with Potixai^ 
price ISt. 

Dr.Ii. Schmiis's School mstoiy of Oreeoa, 

from the Eariiest Times to the Tddaf off 
Corinth hj the Bomana, B.a 14^ man^f 
baaed on Bishop ThiilwaU'a IDstorr of 
Greece. liflh Edilicut with Nine newSap- 
plementaxT Gbapter* >n the ClTiliaatioB^ 
Beiigion, Xiteratore^ aiid Aria of the Aa* 
cient Greeka, contrihated by CSsxistophib 
KyianT WATioir,MLA.,Trm. OolL Onob.! 
and iUoatrated with a Map of Athena sod 1S7 
Woodcntai deaigned from the Antiqjae b^ 
a. Seharf, Jnn., FJ9 JL 12mo. 7e. 6d. 

Scoffern (Dr J — PrcjecUle Weapons of 

War and Enloaite Oompoonde. Bj J. 
Scovpjnjr, MB. Lond., Iste Profeasor of 
Qiemistrj in the Aldersgate Oc^^e of 
Medicine. Tkird Edition^ corrooted to the 
present time. Post Sro. with Woodenti^ 
prioe 8e.6d. 

SeiiTenot^s ffistoiy of the Iron TradOi 

from the Earlieat Becordi to the PreeenI 
Period. New Bdition* corrected. SrOt 
prioo 10s. 6d« 

Sir Edward Seaward's NarratiTO of his 

Shipwreck, and conseouent Diacororj of 
certain Ishmds in tne Caribbean See. 
Third Edition. 2 toU. post Sro. 21a. --An 
AsRiDauEirT, in ICmo. price 2a. 6d. 

The Sermon in the Monnt Printed by 

C. Whittingham, nniformlj with the Tkwmk 
BibU ; boond and clasped. 64mo. la. 6d. 

Bowdler's Family Shakspoare : In which 

nothing is mMt^ to the Original Test; bat 
those words and expressions are omitied 
which cannot with proprietT be read alond. 
Illustrated with Thirtj-six Yignettee en* 
graved on Wood from original Designs bj 



O. COOU, BJL 
■. COOKB, 
H. noWABO, BJU 
H. BUVOLSTOV, 



T. STonLuo, aju 

■. THOMSOiir, 
a. WVSTAU., BU 
a. WOBOIOBBB. 



New Edition^ printed In e more oonTenient 
form. 6 Tols. fcp. Sro. price 80s. dothf 
separate!/, 6s. eacn. 

*«* The LzBBAST Editiox, with the same 
Illustrations, in One Ydlame^ medium 8to. 
price 21s. cloth. 
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S«w«n (Wn).— New tnd chnpar Cd- 

Icclfd EdilioD of Om T^m *ad Storin* of 
t^ Author of Jif HtrhtH. Complete in 
• vab. crown 8to. j>ri«« £1. 10*. doth ) or 
mofh voek, eomprued In ■ unila TelnnM, 
ma/ bi b«d MpaiaUlf m Iblloiri i — 

.AUTBERDBBT Si. da. 

QKBTBUDB - U ad. 

Vh« Bi.RL-a DAnanrER to. ed. 

Tha EXPEBIBHOB of LIFE U. ad. 

CLZTE BiXL Si. ai 

ITOBSi or, Um TWO COUBIHS Ik Bd. 
XATHARINS ASHTON 9*. Sd. 

lUROABET VERCIVAL t*. Od. 

X.AKETOX FARSOHAOE 4m. Gd. 



Iktai It (!•*• Uhm (Mi 



VmU: A Ttle of English Connb? Ub. 

X Tob. fcp. Sto. prieo 13i. doth. 

Bndiogi for Every Daj ia Lent: Com- 

mkd from tho Wrilingi of Bi 
nnoB. Erp. Bto. prit* Bo. 




[I of Biinor Jkumx 
sprite 

BMdIsgi far ft Month prepaifttoiy to 

C«a<miiini Compikd tromtho WoiitoT 
Writan €t th» Earlf mnd of the E^hih 
Cbw^ ttp. 9to. priet 4a. 



8lMtp'ftHewBTltlibO«Mttear,orTopo- 

gHvhiral Dictionary of lb* Brillah Iitud* 
ssdNaiTOw Bcm: Compriiinf codcim Do- 
•erIplioM of about Siii; Tboiuand PU««a, 
BmCl KolunlFnlum, and Object! of Hot*, 
fMBdcd on tha beat aulboritMa. S tela. 
•ra.priMBX.lSa. 

Abort Whitt; Ito Slu, Progreoi, ud 

Iiowai WithObaemlioniloKiakaaBf onaa 
WUit-Flner. Conlaining alae lb* I^»« of 
Kqnrt, Ckaaino, Ecwti, Crihbate, Bach- 
lawinM. fij Uajor A. M«« Edition i Is 
"■^■^ ai« wi£Ar~ ' " 



-Tho Jonmey of Ulh. By 

CtTMnm SuroLUm, Author of The MatL 
mm^Vfi. K«w Bditiofc rep.STo.aa. 



Sir B<%«r De Conrley. FhtmtlioSpM- 
Utor. With Note* and Ithutntloni, by 
W. HOBX Wiuui and II Wo«>d BopaT- 
isfa from Derigni bj V. ttxtxk. BMood 
mW Anftr Edition. C^vwn Sro. lOi. Sd. i 
or 21a. in moroooo hv Hard^.— An Ediiloa 
without Woodontt, in ISbo. prka It. 



Tho Sketchei: Threo Taloi. By the 

Autbon of Jm<f UtrUrt, Tk* Old Jln't 
Ucmr. tad ITartitM*. nini lUitimn with 
a Illnilntiona. Ftp. 8*0. prica 4a. M. 

Soea'i Elements of Electro- Xetannrgy. 

Third Edition, reriiad, eomctcd, and con* 
•iilmblj mUrged i with Elcclrotjpct and 
Woodeuta. Foil 8ro, 10a. ad. 



Bmlth (OJ— Hlotoiy «f Weileytii Me- 
Ihodian. B* Oionoi 8Mrra, FA^ 
Uembar of Iha Rejil Aaiatie Soriatr. Ar. 
You I. Wfttff ttd kit tlmt*! and TOL. 
II. Ttt V'JJU Jft tf JitVmiitm. fr«B iba 
Derth of Wnlnr in ITOl to Ibe Cooler- 
anca of ISia. Crown Sro. pric* 10a. ad. 



Smith (O.VJ-TbeProphedei relatini 
to I{in«<rah and the AnjilaniL TrandalH 
from the Hebrew, will. Uiilorical Intiv- 
ductioM and Noire, esbibtiing Iba priMtnal 
Betulla of tlia recent Diworwira. Br 
O. Tun Sum, B.A. Foal Sro. 10a. ad, 



Imith (J.) —The Toytfo and Bhlpwrsck 

of St. Paul I With DiatcTtationa on iba Lil* 
and WriUnfa of St. Luke, and the Sbipa and 
MaTication of Ibo Aneienta. Bj JaMU 



A Kemoir ottha Bcv. ^dnay Bmtth 

B7 hie l>au|btc*. Last IIouavb. WHb 
a SalactioB fron hi* Lctlen, iditod bf 
Uii-Acnu. StwEiaim. lTeU.S**.9ak 



The Bev. Sydney Saiith*i 1 

Wotka I Incloding bit Oanlributiona t* The 
Bdit^utf h Beriew. Thna Edi t iena i^ 

1. A LiBiaBT Bmtioh (Iba f»mHk\ ia S 



t. Oaamtrto la On TOMVI. with PwtnM 
and Tifnolte. Sqaai* cr«an St«k letM 
Sla. clMh I or SOa. hoMd in cnlC 

S. Anatbv Xnr Bsmoa, la S ««le. bf 
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The Rev. Sydney Smith's Elementary 

Sk<tchci of Uonl Fhilofophy, deliMmd at 
the IUijkI Iiutitution in tka Ton 1804^ 
lSO5,uidl806. Third Edition. Fop.Sro.Ta. 

Snow.— Two Tears' CndM off nem 



and tlie BiTcr PUta : A- 

in the SouUiem Seu. Bj W. Fisxbb 

Snow, Ia(« Commindsr of Um Uisaion 



Robert Soathej'B Complete Poetical 
Work*i conUininKaU th« A.nthor'f IwtlD- 
troductioni and Hotei. The IMrtiy 2fi* 
lioH, oompleU in One Tolone, with Par- 
trait and viniett«. Medium 8ra.pTioe21a. 
cloth I 42i. bound in morocco. — Alao, tha 
ftrit eellcctcd Edition, in 10 Tola. fep. 8to. 
with Tortnit and 19 Vignettoa, prica 36t. 

Tlia Lifk anl CoiTMpaadaiiM of t)w Uta Batert 
Sonthaj. Edited by hi* Son, tha Bar. 
a CfiODDiKr, U.A., Tlcar of Ardlaiih. 
With Fortnita and lAndaeapa Illnatoa* 
tiona. 6 «oU. poat Sro. prioa Ua. 

Southey's Doctor, complete In One 



Soathey'3 Life of Wesley ; and Blse and 

Progresi of Methodism. Fourthandcheaper 
Edition.nitliNotcg aad Additions. Edited 
b; Ihe Aiitlior'i Son, the Ber. 0. C. 
SODTOBT, M.A. 2 Tols. crown 8to, 12i. 

Spencer.— Essays : ScienUBc, Political, 
■nd Speculotiie. B; JIebbbut Spshceb, 
Aullior of Social Slaiiei. Boprinted ohieSj 
from Quarter] J Rerian-i. Sto. price lEi-cloth. 

Spaacer. -ThB Prinnlplei of Ffjehalogy. Bj 
llERDEBTSpRKCXit, Author of Social Slalici. 
Sro. price 16a. cloth. 

Stephen.— Lectnres on the History of 

France. By the Higlit Hon. Sm Jixn 
^TKPii EH, K.C.B.,LL.D.,Prof(!«orof Modem 
Hislorj in the DniTersity of Camhridm. 
Third Edition. 2 ToU. 8to. pricB 24a. 

Stephen.— Esaays in EccleaiasUcal Bio- 
graphy [ from Ihe Edinburgh Rerieir. By 
theBightHon.aiiiJiKB8STipiisn,K,0.B., 
LL.D., Frole»>or of Modem Hiitoir in 
"■- ^-=— '- -'" ' ■' . a-hirdidi. 



"u.u., X jui^ABur oi jnoaem 
the Unireriity of Cambridge. 
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